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FOREWORD 


This software manual is for users of the 
MELPS 740 series. 

Register structure, addressing mode and 
instructions are introduced in each section. 
The enhanced instruction set with enhanced 
data and memory operations enable efficient 
programming. 

Please refer to the “USER'S MANUAL” 
appropriate for the hardware device or the 
development support tools used. 


CONTENTS 





CONTENTS 
1. OVERVIEW 


2. CENTRAL PROCESSING UNIT 


2.1 Accumulator(A) 
2.2 Index Register X(X), Index Register Y(Y) 
2.3 Stack Pointer(S) 
2.4 Program Counter(PC) 
2.5 Processor Status Register(PS) 
3. INSTRUCTIONS 


Sut SAGOFESSING: MOCG a c3icoe Gases hanacteste eins paces eedintiea banded Meadini amano 6 
3.2 DYSIEMY Of INSIICHON sc sectncheccee leven coated. bard uy eecmastcoseamcavendatteeusuees 26 
Oxo MISTPUCUOM S esas ster cuieet ots teececeteetSeaeus te tye chk ds Gaausacuineialaganweens 30 
4. NOTES FOR PROGRAMING .........ccccccsssssssssseesssssesssssssssssssnsecsesseescsssonees 104 
APPENDIX 1. INSTRUCTION CYCLES IN EACH ADDRESSING MODE............... 106 
APPENDIX 2. MELPS 740 MACHINE LANGUAGE INSTRUCTION TABLE ........... 172 
APPENDIX 3. INSTRUCTION HEXADECIMAL CODE TABLE................. 178 
APPENDIX 4. ASCII] CODE TABLE ...........ceccceccteeserssssssesseeeseettesceseeesses 179 
INSTRUCTIONS 
ADC.............. 31 CEV Biiiiweds 52 MUL............. 73 Oe heetcatad: 94 
AND.............. 32 CMP ............. 53 NOP.............. 74 SEY Sasacisehie. 95 
ASL cuisaeive. 33 COM ............ 54 ORAievucseccies: 75 TAX evswtsaeaics 96 
BBG wieiitince.y, 34 CORK Sessesceedsn 55 PH Ava tesicicese: 76 WAY -s2seceeee: 97 
BB Oicceseesccsst. 35 Op eee 56 PHP sicceeice 77 pod eeeeereren ee 98 
BOG wes 36 DEG ictiscecaeis 57 PA csedectadeaas 78 TS: 99 
BOS s.iieeacs: 37 DEA seawelasne 58 PLP ckdeaes 79 TXA lee: 100 
BRO inci 38 DEY asuance 59 ROL ssecscties 80 TAD shcdestiete 101 
BT scieetterc: 39 DIV siscinesnsenie: 60 ROR eciteadcdis 81 TYP ascent: 102 
BMI ossuctisscsnee 40 EOP eecucte 61 alg arene 82 WT ssesesaeds 103 
BNE sinnncew 41 PST inate 62 PD eeccstaeesiwes: 83 
BP Gatien: 42 ING sieesseniues 63 US sieeeicic: 84 
BRA siceinssiete: 43 INK cscseeoieuats 64 SBS wittien: 85 
BAK aitests 44 WIN eechese diesen 65 SEB cea 86 
BV .C veedtnces: 45 |) eee 66 S| Oe eee 87 
BV Sih aeccs 46 fos eee 67 S| B ere 88 
OLB eecestecest: 47 LDA “erzicctsece 68 SS) eee ee 89 
LG eebssesateres 48 LID i sveninactax: 69 OE I cottecascte, 90 
CED recto 49 LID X steevaucesds 70 | eee 91 
Cll yeneueecek: 50 EDS geen: 71 STAs Aeisecme: 92 
5 I peer 51 SFR eecsscesetont 72 SLE Socecutnsaas: 93 


OVERVIEW 





1.OVERVIEW 
The software of MELPS 740 series CMOS microcomputers includes the complex bit process- 
ing functions of the 4-bit series along with byte calculations and manipulations. The software 
has been designed to make use of the distinctive hardware features. 
The distinctive features of the MELPS 740 series are described below. | 
1) An efficient instruction set and many addressing modes allow the effective use of ROM. 
2) The same bit management, test, and branch instructions can be performed on the accu- 
mulator, memory, or I/O area. 
3) Multiple interrupts with separate interrupt vectors allow servicing of different non-periodic 
events. 
4) Byte processing and table referencing can be easily performed using the index address- 
ing mode. 
5) Decimal mode needs no software correction for proper decimal operation. 
6) The accumulator does not need to be used in operations using memory or I/O, or memory 
and I/O. 
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2. CENTRAL PROCESSING UNIT 

Six main registers are built into the CPU of the MELPS 740. 

The program counter (PC) is a 16-bit register but the accumulator (A), index register X (X), 

index register Y (Y), stack pointer (S) and processor status register (PS) are 8-bit registers. 

« Except for the | flag, the contents of these registers are indeterminate after a hardware 
reset. Therefore, initialization is required with some programs. 


aay eet Accumulator(A) 
_—— Index Register X(X) 
Index Register Y(Y) 
= Stack Pointer(S) 
Program Counter(PC) 


Processor 


NIvIr elo TzTc Status Register(PS) 


Carry Flag 

Zero Flag 

Interrupt Disable Flag 

Decimal Mode Flag 

Break Flag 

X Modified Operation Mode Flag 
Overflow Flag 

Negative Flag 





Fig.2.1.1 Register Configration 


2.1 Accumulator (A) 

The accumulator is the central register of the microcomputer and is an 8-bit register. 

This general-purpose register is used the most frequently for arithmetic operations, data trans- 
fer, temporary memory, conditional judgments, etc. 


2.2 Index Register X (X), Index Register Y (Y) 

The MELPS 740 has an index register X and an index register Y, both of which are 8-bit 
registers. 

In addressing modes which use these index registers, the register contents are added to the 
specified address and this becomes the actual address. These modes are extremely effective 
for referencing subroutine and memory tables. 

The index registers also have increment, decrement, compare, and data transfer functions and 
can therefore be used as simple accumulators. 
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CENTRAL PROCESSING UNIT 
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2.3 Stack Pointer (S) 
The stack pointer is an 8-bit register used for generating interrupts and calling subroutines. 
When an interrupt is received, the following procedure is performed automatically in the indi- 
cated sequence. 
(1) The contents of the higher 8 bits of the program counter (PCH) are saved to a zero 
page address using the stack pointer contents for the lower 8 address bits. 
(2) The stack pointer contents are decremented by 1. 
(3) The contents of the lower 8 bits of the program counter (PCL) are saved to a zero page 
address using the stack pointer contents for the lower 8 address bits. 
(4) The stack pointer contents are decremented by 1. 
(5) The contents of the processor status register (PS) are saved to a zero page address 
using the stack pointer contents for the lower 8 address bits. 
(6) The stack pointer contents are decremented by 1. 
The process status register is not saved when calling subroutines (items (5) and (6) above are 
not executed). The processor status register is saved by executing the PHP instruction in 
software. 
To prevent data loss when generating interrupts and calling subroutines, it is necessary to 
save other registers as well. This is done by executing the proper instruction in software while 
in the service routine or subroutine. 
For example, the PHA instruction is executed to save the contents of the accumulator. Exe- 
cuting the PHA instruction saves the accumulator contents to a zero page address using the 
stack pointer contents as the lower 8 address bits. 
The RTI instruction is executed to return from an interrupt routine. 
When the RTI instruction is executed, the following procedure is performed automatically in se- 
quence. 
(1) The stack pointer contents are incremented by 1. 
(2) The contents of the zero page addressing the stack pointer contents as the lower 8 
address bits is returned to the process status register(PS). 
(3) The stack pointer contents are incremented by 1. 
(4) The contents of the zero page address using the stack pointer as the lower 8 address 
bits is returned to the lower 8 bits of the program counter(PCL). 
(5) The stack pointer contents are incremented by 1. 
(6) The contents of the zero page address using the stack pointer as the lower 8 address 
bits is returned to the higher 8 bits of the program counter. 
Steps (1) and (2) are not performed when returning from a subroutine using the RTS instruc- 
tion. The processor status register should be restored before returning from a subroutine by 
using the PLP instruction. The accumulator should be restored before returning from a subrou- 
tine or an interrupt servicing routine by using the PLA instruction. 
The PLA and PLP instructions increment the stack pointer by 1 and return to the contents of 
the zero page address stored in the stack pointer to the accumulator or processor status 
register, respectively. 
cs Saving data in the stack area gradually fills the RAM area with saved data; therefore 
caution must exercised concerning the depth of interrupt levels and subroutine nesting. 
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2.4 Program Counter (PC) | 

The program counter is a 16-bit counter consisting of PCH and PCL, which are each 8-bit. 

The program counter indicates the address of the next program instruction. | 

The MELPS 740 uses stored programs system; to start a new operation it is necessary to 

transfer the instruction and relevant data from memory to the CPU. 

Normally the program counter is used to indicate the next memory address. After each 

instruction is executed, the next instruction required is read. This cycle is repeated until the 

program is finished. 

ce The control of the program counter of the MELPS 740 is almost fully automatic. However, 
Caution must be exercised to avoid differences between program flow and program counter 
contents when using the stack pointer or directly altering the contents of the program 
counter. . 


2.5 Processor Status Register (PS) 

The processor status register is an 8-bit register consisting of 5 flags which indicate the status 

of arithmetic operations and 3 flags which determine operation. 

Each of these flags is described below. Refer to Appendix 3 “MACHINE LANGUAGE IN- 

STRUCTION TABLE” or Chapter 3 “INSTRUCTIONS” concerning the factors which change 

these flags. 

[ Carry flag C ]------------------------------------------------------- Bit 0 
This flag stores any carry or borrow from the ALU after an arithmetic operation and is also 
changed by the Shift or Rotate instruction. 
This flag is set by the SEC instruction and is cleared by the CLC instruction. 

[ Zero flag Z | ------------------------------7-------- 22 on nn ene nee Bit 1 
This flag is set when the result of an arithmetic operation or data transfer is “O” and is 
cleared by any other result. 

[ Interrupt disable flag | ] ----------------------------------------- Bit 2 
This flag disables interrupts when it is set to “1.” This flag immediately becomes “1” when 
an interrupt is received. This flag is set by the SEI instruction and is cleared by the CLI 
instruction. 

{ Decimal mode flag D ] ------------------------------------------ Bit 3 
This flag determines whether additions are performed in binary or decimal notation. Additions 
are performed in binary notation when this flag is set to “O” and as.a 2-digit, 1-word 
decimal numeral when set to “1.” Decimal notation correction is performed automatically at 
this time. This flag is set by the SED instruction and is cleared by the CLD instruction. 
Only the ADC and SBC instructions are used for decimal arithmetic operations. 

[ Break flag B ] ---------------------- ween en nen nn nnn nn enn nn nnn nn nen nne Bit 4 
This flag determines whether an interrupt was generated with the BRK instruction. When 
a BRK instruction interrupt occurs, the flag B is set to “1”; for all other interrupts the flag 
is set to “O” and saved to the stack. | 


sit [sR 1 = B flag PS (processor status register) 
| PCL (low-order of program counter) 


PC H (high-order of program counter) 


Pa 


Fig.2.5.2 Stack Contents After Execution of the BRK Instruction 








CENTRAL PROCESSING UNIT 


Processor status register (PS) 





[ X modified operation mode flag T ]------------------------ Bit 5 

This flag determines whether arithmetic operations are performed via the accumulator or 

directly in memory. When the flag is set to “0”, arithmetic operations are performed 

between the accumulator and memory. When “1”, arithmetic operations are performed 
directly in memory. 

This flag is set by the SET instruction and is cleared by the CLT instruction. 

(1) When the T flag = 0 

A< A* M2 
* : indicates an arithmetic operation 
A : accumulator contents 
M2: contents of the memory specified by the addressing of the arithmetic 
operation 
(2) When the T flag = 1 
M1 <— M1 * M2 
* : indicates arithmetic operation 
M1: memory contents specified directly by index register X 
M2: contents of the memory specified by the addressing of the arithmetic 
operation 
{ Overflow flag V ] -------------------------------------------------- Bit 6 

This flag is set to “1” when an overflow occurs as a result of a signed arithmetic operation. 

An overflow occurs when the result of an addition or subtraction exceeds +127 (7F16) or 

|-128 (8016)|. 

The CLV instruction clears the overflow flag. There is no set instruction. 

The overflow flag is also set during the BIT instruction when bit 6 of the value being tested 

is 1. 

t* QOverflows do not occur when the result of an addition or subtraction is equal to or 
smaller than the above numerical values, or for additions involving values with different 
signs. 

{ Negative flag N ] ------------------------------------------------ Bit 7 

This flag is set to match the sign bit (bit 7) of the result of a data or arithmetic operation. 

This flag can be used to determine whether the results of arithmetic operations are positive 

or negative, and also to perform a simple bit test. 
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Addressing mode 





3. INSTRUCTIONS 

3.1 Addressing Mode | 
The series MELPS 740 has 17 addressing modes and a powerful memory access capability. 
When extracting data required for arithmetic and logic operations from memory or when storing 
the results of such operations in memory, a memory address must be specified. The speci- 
fication of the memory address is called addressing. The data required for addressing and the 
registers involved are described below. The series MELPS 740 instructions can be classified 
into three kinds, by the number of bytes required in program memory for the instruction: 1- 
byte, 2-byte and 3-byte instructions. In each case, the first byte is known as the “operation 
code” which forms the basis of the instruction. The second or third byte is called the “operand” 
which affects the addressing. The contents of index registers X and Y can also effect the ad- 
dressing. 


1-byte instruction 2-byte instruction 3-byte instruction Index register 





Fig.3.1.1 Byte Structure of Instructions. 


Although there are many addressing modes, there is always a particular memory location 
specified. What differs is whether the operand, or the index register contents, or a combina- 
tion of both should be used to specify the memory or jump destination. Based on these 3 
types of instructions, the range of variation is increased and operation is enhanced by com- 
binations of the bit operation instructions, jump instruction, and arithmetic instructions. 
Actual addressing modes are now described by type. 


INSTRUCTIONS | 
Immediate Addressing mode 





Addressing mode : Immediate 
Function : Specifies the operand as an operation data. 


Instructions : ADC, AND, CMP, CPX, CPY, EOR, LDA, LDX, LDY, 


ORA, SBC 
Example : Mnemonic Machine code 
ADC #SA5 6916 A516 


This symbol(#) indicates the Immediate addressing mode. 


Memory 






SS 
N OP code(69 16) N 


(A) + (A) +(0)+[Ab:6 |*- | Operan (ASi6) 


INSTRUCTIONS 
Accumulator Addressing mode 





Addressing mode : Accumulator 


Function : Specifies the accumulator contents as an operation 
data. 


Instructions : ASL, DEC, INC, LSR, ROL, ROR 


Example : Mnemonic Machine code 
| ROL A 2A16 


eT TTL 


Carry flag Accumulator 





INSTRUCTIONS 
Zero Page 


Addressing mode 


Addressing mode : Zero page 


Function : Specifies the Zero page memory location appointed 
by the operand as an operation data (0016 ~ FF16). 


Instructions : ADC, AND, ASL, BIT, CMP, COM, CPX, CPY, DEC, 
EOR, INC, LDA, LDM, LDX, LDY, LSR, ORA, ROL, ROR, 
RRF, SBC, STA, STX, STY, TST 


Example : Mnemonic Machine code 
ADC $02 6516 0216 







0016 





bys page 
LL, 


zy. 


designation 
V0 208216576) \ code( 6516) N 







INSTRUCTIONS 


Zero page X 


Addressing mode 
Addressing mode : Zero page X 
Function : Specifies the contents of the memory address in zero 
page consisting of the added value of operand and 
index register, as an operation data. 


Instructions : ADC, AND, ASL, CMP, DEC, DIV, EOR, INC, LDA, LDY, 
LSR, MUL, ORA, ROL, ROR, SBC, STA, STY 


Example : Mnemonic Machine code 
ADC $1E,X 7516 1E16 


Memory 
0016 








Wee wy 
Wa W+(0+ [ose] 7 S57 
YW Le: 


WS 


Ae A6 


FF 16 


Zero page X 
designation 


=e 


es 


Index register X 
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INSTRUCTIONS 
Zero page Y 


Addressing mode 


Addressing mode :Zero page Y 


Function :Specifies the contents of the memory address in zero 
page consisting of the added value of operand and 
index register, as an operation data. 


Instructions :LDX, STX 


Example : Mnemonic Machine code 
LDX $02,Y B616 0216 


Memory 


Y, 
zero page 
YY 


(X) + | xXI6 [x16 |_| “WY Data(XXie) “7 


WLLL: 


\ 22 code( 366 \ 






0016 





Yaak 


ae 





Zero page Y 
designation 


Index register Y 


Ss 


11 


INSTRUCTIONS 
Absolute Addressing mode 
Addressing mode : Absolute | 


Function : Specifies the memory content appointed by operand | 
and Il as an operation data. 


Instructions : ADC, AND, ASL, BIT, CMP, CPX, CPY, DEC, EOR, INC, 
JMP, JSR, LDA, LDX, LDY, LSR, ORA, ROL, ROR, SBC, 


STA, STX, STY 
Example : Mnemonic | Machine code 
ADC $AD12 6Die 1216 ADté6 


Memory 


ASE code(6D:6) \ 


IA 


Absolute 
designation 





> 
a 
Dw) 
> . 


(A) (A) +(C)+ XXi6 J 


INSTRUCTIONS 
Absolute Xx Addressing mode 





Addressing mode : Absolute X 


Function : Specifies the memory content appointed by the added 
value of operand |, Il and register X as an operation 
data. 


Instructions : ADC, AND, ASL, CMP, DEC, EOR, INC, LDA, LDY, LSR, 
ORA, ROL, ROR, SBC, STA 


Example : Mnemonic Machine code 
ADC $AD12,X 7Die6 1216 ADié6 


Memory 


Index register X 





1 AE001 6 | 


Absolute X 
| designation 
AE00 16 _ 


na wise fom]e[ pando 





13 


INSTRUCTIONS 7 
Absolute Y Addressing mode 





Addressing mode : Absolute Y 


Function : Specifies the memory content appointed by the added 
value of operand |, Il, and register Y as data. 


Instructions : ADC, AND, CMP, EOR, LDA, LDX, ORA, SBC, STA 


Example : Mnemonics Machine code — 
ADC $AD12,Y 7916 1216 ADié 


Memory 


Index register Y 







We 


‘ 






NOP code(79 16) 


+] EEi6 AE0016 


“Operand II(ADi6) 


Data(XXi6) 


Absolute Y 
designation 





(A) (A) +(C)+ pore fe 
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INSTRUCTIONS 


Implied 


Addressing mode 





Addressing mode : Implied 


Function :Operates on a given register or the accumulator, but 
the address is always inherent in the instruction. 


Instructions :BRK, CLC, CLD, CLI, CLT, CLV, DEX, DEY, INX, INY, 
NOP, PHA, PHP, PLA, PLP, RTI, RTS, SEC, SED, SEI, 
SET, STP, TAX, TAY, TSX, TXA, TXS, TYA, WIT 


Example : Mnemonic Machine code 
CLC 1816 


Processor status register 
bit 7 | bit O 


ETT Tt te 





Carry flag 
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INSTRUCTIONS | = | 
Relative Addressing mode 
Addressing mode : Relative 


Function : Jumps to the address specified by the addition of the 
program counter and the operand. 


Instructions :BCC, BCS, BEQ, BMI, BNE, BPL, BRA, BVC, BVS 


Example : Mnemonic Machine code 
BCC +*-12 9016 F216 
| “patina 
When the carry flag is clear, When the carry flag Is set, 
jumps to address « —12. goes to address * +2. 
Memory Memory 


Address to be x —12 
executed next 


\ Op code(30 16) \ \ Op code(30 16) \ 2018) \ N:. 


‘a 

Op code(90 16 
N. p (90 16) Sax 
 Operand I(F216) _ 


Address to be 
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INSTRUCTIONS 


Indirect X 


Addressing mode :Indirect X 


Addressing mode 





Function : Takes memory content appointed by continous 2 bytes 
memory on zero page that is appointed by the added 
value of operand and index register X as an operation 
data. 


Instructions :ADC, AND, CMP, EOR, LDA, ORA, SBC, STA 


Example : Mnemonic Machine code 
ADC ($1E,X) 6116 1E16 


Memory 






SS 


Zero page 

; Lg 
(7 Data (0018)/Ao ae 
0516 






(Ar Bata (1416) Z 
if 


LLM 







FFi6 Zero page X 

designation 
Absolute 

designation 


Data(XXi6) 





(A) (A) +(C)+ [xx16 |= 






Index register X 
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INSTRUCTIONS , | 
Indirect Y Addressing mode 





Addressing mode : Indirect Y 
Function : Takes memory content appointed by the adder of index 
register Y and the continuos 2 bytes memory on zero 
' page that is appointed by operand as an operation 
data. 
Instructions : ADC, AND, CMP, EOR, LDA, ORA, SBC, STA 


Example : Mnemonic Machine code 
ADC ($1E),Y 7116 1E16 


Index register Y 


Memory 


Zero page “7 
Data 1(0146 “ANE 

Data II(1216) “/\\F 16 

WL 







‘ 






a 


QO 





Zero page 
indirect 
designation 


Ves. 


Absolute Y 
designation 





(A) <@— (A) +(C) + [xis | — 
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INSTRUCTIONS 


Indirect 


Addressing mode 





Addressing mode : 


Function : 


Instructions : 


Indirect Absolute 


Specifies the continuous 2 bytes memory selected 
operand | and Il, and jumps to the address specified 
by the contents of those two locations. 


JMP 










Example : Mnemonic Machine code 
JMP ($1400) 6Cis OOi6 1416 
Memory 
S 
\ Op code(6C 16) N 
Indirect 7 
designation 





Data I(FF +6) 


Data II(1E 16) 


Address to be 
executed next 


140016 


Jump 


1EFFi¢ 





Note : This addressing mode can not appointed end address (XXFF16) as indirect address. 
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INSTRUCTIONS 
Zero pege Indirect Addressing mode 





Addressing mode : Zero page Indirect Absolute 
Function : Jumps to the zero page address specified by the 
operand and uses that data and the next byte as the 
next address. 
Instructions : JMP, JSR 


Example : Mnemonic | Machine code 
JMP ($05) B2i16 0516 


Memory 


Utero page Ls 
f 


Y Data NIE 19) 77 


Yili 


0016 












(AIS16 
ANG 16 






AA FE 6 
Zero page 


indirect 
designation 


Absolute 
designation 





1EFFi¢ 


Address to be 
executed next 
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INSTRUCTIONS 


Special page 


Addressing mode 





Addressing mode : Special page 


Function : Jumps to the special page address specified by the 
Operand as address 2 of the lower 8-bits. 


Instructions : JSR 


Example : Mnemonic Machine code 
JSR \$FFEO 2216 E0i6 


L This symbol indicates the Special page mode. 


Memory 





SS 
N OP code(22 16) 








ge 





Special page 
yr uae 


Address to be 
KS executed next 


Special page 
pag 


FFEQie c- 


WY: 


FFFF16 
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INSTRUCTIONS 
@ 
Zero page Bit Addressing mode | 
Addressing mode : Zero page Bit — 

Function : Selects the specified bit located at the zero page 
address specified by the operand. The bit position is 
appointed by the upper 3-bits of the OP CODE. 

Instructions :CLB, SEB 


Example : Mnemonic Machine code 
 CLB 5,$04 BFis 0416 


Memory 





~ Zero page 
designation 





YY 


Vy 
LY 


Wve page 
Uy), 
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INSTRUCTIONS : 
Accumulator Bit 


Addressing mode 





Addressing mode : Accumulator Bit 


Function :Selects a specific bit of the accumulator designated 
by the upper 3-bits of OP CODE. 


Instruction: CLB, SEB 


Example : Mnemonic Machine code 
| CLB 5,A BBi6 


Accumulator 


bit 5 


Memory 


Bit 
designation 


| Op code(BB 16) 





Accumulator 


bit 5 
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INSTRUCTIONS 
Accumulator Bit RelatiTe 
ddressing mode 


Addressing mode :Accumulator Bit Relative 


Function :The upper 3-bits of the OP CODE, designate the bit of 
the accumulator is to be tested. The branch condition 
is met if the bit is set (BBS) or cleared (BBC). If a 
branch is valid, the following OPERAND is added to 
the program counter to generate the next address. 


Instructions :BBC, BBS 


Example :Mnemonic Machine code 
BBC 5,A,*—12 B316 F216 
When the bit 5 of accumulator When the bit 5 of accumulator 
IS Clear. is set. 
Accumulator | Accumulator 


bit 5 bit 5 


* —12 


Bit 


Bit 
designation 
Op code(B3 16) 


| designation 
| OP acta: 





* +2 





Address to be 





INSTRUCTIONS 
Zero page Bit Relative 


an mode 


Addressing mode : Zero page Bit Relative 


Function : Appoints the bit at zero page specified by operand |, 
and jumps to the address where the added value of 
the program counter and operand Il indicates accord- 

ing to the state of this bit. 


Instructions : BBC, BBS 
Example : Mnemonic Machine language 


BBC 5,$04,*—-12 B716 0416 F116 


When the bit 5 at address 0416 When the bit 5 at address 0416 
is clear, jumps to address +*—12. is set, goes to address *+3. 











Le 
YY 
Witte 





Zero page 


Zero page 
designation 


— designation 






Bit 
designation 


Op code(B7 16) 


Bit 
designation 


oP ean aaa | 





* +3 *+3 


Address to be 
executed next 
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INSTRUCTIONS 


System of instruction 





3.2 System of Instructions 

The series MELPS 740 has 73 kinds of instructions. The detailed explanation is discussed 
in Section 3. 

Note) There are some kind of types that can not use a specific instructions. 


3.2.1 Data transfer instructions 
These instructions transfer the data between registers, register and memory and memories. 
The followings are data transfer instructions. 


instructions | Contents 


LDA Load memory into accumulator or memory where index X indicates 
Load immediate value to memory 

Load memory into index X 
Load memory into index Y 
Store accumulator in memory | 
Store index X in memory 
Store index Y in memory 
Transfer accumulator to index X 
Transfer index X to accumulator 
Transfer accumulator to index Y 
Transfer index Y to accumulator 
Transfer stack pointer to index X 
Transfer index X to sack pointer 
Push accumulator on stack 
Push processor status on stack 
Pull accumulator from stack 

Pull processor status from stack 



















Load LDX 


LDY 


— STA 
Store STX 
STY 


| Transfer 


Stack 
Operation 
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INSTRUCTIONS 


System of instruction 





3.2.2 Operation instruction 

The operating instruction includes the operations of addition and subtraction, 

logic, comparison, and rotation. Multiplication and division instruction can use in the special 
page addressing mode(and so M37450). 

The operating instructions are as follows. 


| ee "ae, 


Add memory and C flag to accumulator or memory where 
index X indicates 


Substruction memory and C flag from accumulator or 
memory where index X indicates 


Increment memory or accumulator by 1 
Decrement memory or accumulator by 1 
Increment index X by 1 

Decrement index X by 1 

Increment index Y by 1 
Decrement index Y by 1 
Multiplies accumulator by memory where index X indicates 


Divids word data that constituted memory where index X 
indicated to higher byte and memory where in next address 
to lower byte by accumulator 


"AND" memory with accumulator 
"OR" memory with accumulator 
"Exclusive-OR" memory with accumulator 
Memory one's complement 

Test bits in memory with accumulator 
Test memory content (=0) 


Compare memory and accumulator or memory where 
index X indicates 


Compare memory and index X 
Compare memory and index Y 
Shift left one bit (memory or accumulator) - 
Shift right one bit (memory or accumulator) 

Rotate one bit left with carry (memory or accumulator) 
Rotate one bit right with carry (memory or accumulator) 
Rotate four bits right (memory) 





















Addition 
& 


Subtraction 



















Multiplication 
& 


Division 






















Logic 
Operation 














Compari- 
son CPX 




















27 


INSTRUCTIONS 


System of Instruction 





3.2.3 Bit managing instructions 
The bit a instructions clear (0) or set (1) designated bits in accumulator or memory. 


Fo Contents isis 
nsuuetions, Clear (0) designated bit in accumulator or memory 
ot SEB Set (1) designated bit in accumulator or memory 


3.2.4 Flag setting instructions 
The flag setting instructions clear (0) or set (1) C, D, |, T and V flags. 


[| instructions[_—CContents 
Clear C flag 
Set C flag 
Clear D flag 
Set D flag. 
Clear | flag 
Set | flag 
Clear T flag 
Set T flag. 
Clear V flag _'V flag : Overflow flag 








C flag : Carry flag 


D flag : Decimal mode flag 
Flag 


Setting I flag : Interrupt disable flag 


T flag : Index X mode flag 





3.2.5 Jump, Branch and Return instructions 
The jump, branch and return instructions as following are used to change program flow. 


Jump to new location 

Jump to new location 

Jump to new location saving return address 

Branch on designated bit in accumulator or memory clear 
Branch on designated bit in accumulator or memory set 
Branch on C flag clear 

Branch on C flag set 


Branch on Z flag clear 
Branch on Z flag set 
Branch on.N flag clear 
Branch on N flag set 
Branch on V flag clear 
Branch on V flag set 


Returh from interrupt 
Return 
Return from subroutine 


Branch 





INSTRUCTIONS 


System of Instruction 





3.2.6 Interrupt Instruction (Break instruction) 
This instruction interrupts software 


[ [instruction [Content 


3.2.7 Special instructions 
Special instructions control operation speed 


| | instructions| Content 


High speed operation mode (Note 1) 
Low speed operation mode (Note 1) 
Wait CPU mode (Note 1) 


Stop CPU mode (Note 2) 
(Note 1) This instruction is only provided for M50740A-XXXSP/FP, M50740ASP, M50741- 
XXXSP/FP, M50752-XXXSP, M50757-XXXSP and M50758-XXXSP. 


(Note 2) This instruction is not provided for M50752-XXXSP, M50757-XXXSP and M50758- 
XXXSP. 











Special 


3.2.8 Other instruction 
[_|_instruction | ———SS~*~<“‘;CSSCCOntent 
Poter [NOP [Nooperation 
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INSTRUCTIONS 


System of Instruction 





3.3 Instructions 

This section has presented discussion of the series MELPS 740 instructions by arranging mne- 
monics of instructions alphabetically and dividing each instruction in one page basically. 
Head of each page is a mnemonic. Operation, explanation and changes of status flags are 
written for each instruction. In addition, statement format, machine code, byte number, and list 
of cycle number on each addressing mode are discussed. 

The followings are symbols used in this manual. 


P 
S 
X 
bg 
M 
Mi 
C 
Z 
| 
D 
B 
T 
OV 
N 


i'Lower 


Accumulator 

Bit | of accumulator 
Program counter 
byte of program 
counter 
Upper 
counter 
Processor status register 
Stack pointer 

Index register X 

Index register Y 

Memory 

Bit i of memory 

Carry flag 

Zero flag 

Interrupt disable flag 
Decimal operation mode flag 
Software interrupt (Break) flag 
Index X register mode flag 
Overflow flag 

Negative flag 


byte of program 


REL |Relative address 
BADRS | Break address 
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I< > ~xKX 1l1l+OA—-*# b&b 


~-__ 
~~” 


t 


Address upper byte data in 
0~255 

Address lower byte data in 
0~255 

Zero page address data in 
0~255 

Data in 0~255 

Data in 0~7 

Contents of the program 
counter 

Tab or space 

Immediate mode 

Special page mode 
Hexadecimal symbol — 
Addition 

Subtraction 

Multiplication 

Division 

Logical AND 

Logical OR 

Logical exclusive OR 
Contents of register or flag 
Direction of data transfer 





ADC 


Operation : When (T) = 0, (A) € (A) + (M) + (C) 
(T) = 1, (M(X)) — (M(X)) + (M) + (C) 





ADC 


ADD WITH CARRY 


Function : When T flag is zero (T=0), this instruction adds the value of 

Memory, Carry flag, and register A, and stores the results in 
the register A and C flag. 
When T flag is 1 (T=1), this adds the value of M(X), M and C, 
and stores the results in the M(X) and C. In this case, no A 
content is changed except the status flag. M(X), means the 
content of a memory which is appointed by the index register 
X. 


Status flag N: N is 1 when bit 7 is 1 after the operation; otherwise it is 
0. 

V: V is 1 when code bit or bit 7 is changed caused by the 
operation results that exceed +127 or |—128]; otherwise it is 
0. 

: No change 

: No change 
No change 

: No change 

: Z is 1 when the operation result is 0; otherwise it is 0. 

: C is 1 when the result of a binary addition exceeds 255 or 
when the result of a decimal addition exceeds 99; other- 
wise it is 0. 


ONO-wO4 
















| ____—sStatement__—s|_ Machine codes | Byte pum 


Addressing Cycle number 



























Immediate AADCA#$nn 6916, nni6 2 
Zero page AADCA$zz 6516, Z2Z16 3 
Zero page X |AADCA$zz,X 7516, ZZ16 4 
Absolute AADCAS$hhil 6D16, lli6, hhie 4 
Absolute X AADCA$hhil,X 7D16, Il16, hhi6 5 
Absolute Y AADCAG$hhIl,Y 7916, Il16, hhie6 5 
(Indirect X) AADCA($zz,X) 6116, 2Z16 6 
(Indirect Y) AADCA($zz),Y 7116, ZZ16 6 





(Note 1) Add 3 to cycle number when T flag is 1. 

(Note 2) When the ADC instruction is used in decimal operation mode the 
following rule must be applied if a SEC, CLC, SED or CLD instruc- 
tions are used immediately afterwards: one dummy instruction (e.g. 
NOP) must be inserted between the ADC and clear/set carry (or clear/ 
set decimal mode) instruction. 
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AND AND 
: LOGICAL AND 

Operation : When (T) 

(T) 


Function : When T flag is zero, this instruction transfers the content of A 
and M to the ALU which performs a bit-by-bit AND operation 
and stores the result back in the A. When T flag is 1, this 
transfers M(X) and M to the ALU which performs a bit-by-bit 
AND operation and stores the results back in the M(X). Content 
of A will not change except status flag. The M(X) means a 
memory appointed by the X. 


0, (A) <— (A) « (M) 
» (M(X)) <— (M(X)) A (M) 


Status flag N:N is 1 when bit 7 is 1 after the operation; otherwise it is 
0. 

: No change 

: No change 

: No change 
No change 

: No change 

- Z is 1 when the operation result is 0; otherwise it is 0. 

: No change 


i emtenent Machine codes | Byte number 


ONDO-WHA< = 













Addressing Cycle number 
































Immediate AANDA#$nn 2916, nni6 2 
Zero page AANDA$zz 2516, ZZ16 3 
Zero page X |AANDA$zz,X 3516, ZZ16 4 
Absolute AANDA$hhill 2D16, Ili6, hhie 4 
Absolute X AANDAS$hhill,X 3D16, lli6, hhie 5 
Absolute Y AANDAG$hnhiIl,Y 3916, ll16, hhi6 5 
(Indirect X) AANDA($zz,X) 2116, ZZ16 6 
(Indirect Y) AANDA($zz),Y 3116, 2216 6 


(Note) When T flag is 1, add 3 to a cycle time. 
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ASL 


ASL 





ARITHMETIC SHIFT LEFT 


Operation : es ov] | | 11.1 deo be 


Function : This instruction shifts the content of A or M by one bit to the 
left, with bit O always being set to O and the bit 7 of the A or 
the M always being contained in the C. 


Status flag N: 


NO-Ox4< 


©) 








Addressing 
Accumulator 








Zero page AASLA$zz 0616, 2z16 
Zero page X |AASLA$zz,X 1616, 2zZ16 
Absolute AASLA$hhiIl OE16, lli6, hhie 


Absolute X 





| ___Statement___|_ Machine codes 
AASLAA 


AASLAG$hnhiII,X 


N is 1 when the bit 7 is 1 after the execution; otherwise it 
is 0. 


: No change 
: No change 
: No change 


No change 


: No change 
: Z is 1 when the result of the operation is 0; otherwise it is 


0. 


: C is 1 when the bit 7 of the A or the M before this opera- 


tion is 1; otherwise it is 0. 













Cycle number 
OAi6 








NO O OF PM 





1E16, llie, hhie 
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BBC BBC 
Operation : When (Mi) = 0, (PC) <— (PC) + n + REL 


(Mi) = 1, (PC) — (PC) +n | 
n: If addressing mode is Zero page, n=3. And if addressing 
mode is Accumulator, n=2. | 





BRANCH ON BIT CLEAR 


Function : This instruction tests the appointed bit | of the M and takes a 
conditional branch if the bit is 0. If the bit is 1, next instruction 
is executed. The addressing mode is relative. 


Status flag : No change 


| Statement__—|_ Machine codes 








Addressing Cycle number 

















Accumulator bit ABBCAi.A.$hhil (20+i+13)16, rte 4 
Relative 

Zero page bit | (20¢1+1 7)16, 

Relative ABBCAi,$zz,$hhll ee: 5 








(Note 1) rrisé=$hhil—(‘k+n). The rrig is a value in a range of —-128 ~ +127. 

(Note 2) Add 2 to cycle number for a branch execution. 

(Note 3) One dummy or other instruction cycle is needed after changing the 
content of interrupt request bit (bit 1, bit 3, bit 5, bit 7 in address 
OOFE16 and bit 7 in address OOFF16) to execute this instruction. 
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BBS BBS 


BRANCH ON BIT SET 





Operation : When (Mi) = 1, (PC) <— (PC) + n + REL 
(Mi) = 0, (PC) — (PC) +n 
n : If addressing mode is zero page, n=3. And if addressing 
mode is accumulator, n=2. 


Function : This instruction tests the appointed bit i of the M and takes a 
conditional branch if the bit is 1. If the bit is 0, next instruction 
is executed. The addressing mode is relative. 


Status flag : No change 







[Statement| Machine codes | Byte number 


Addressing mode Cycle number 









Accumulator bit) ABBSAi,A,$hhll (20¢i+3)16, rrt6 4 
Relative 
Zero page bit |aRRs Ai,$zz,$hhil (20¢i+7)16, 5 


Relative 2216, rr16 





(Note 1) rri6é=$hhil—(k+n). The rris is a value in a range of —128 ~ +127. 

(Note 2) Add 2 to cycle number for a branch execution. 

(Note 3) One dummy or other instruction cycle is needed after changing the 
content of interrupt request bit (bit 1, bit 3, bit 5, bit 7 in address 
OOFE16 and bit 7 in address OOFF16) to execute this instruction. 
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BCC 





BCC 


Operation : When (C) = 0, (PC) — (PC) + 2 + REL 
(C) = 1, (PC) — (PC) + 2 


BRANCH ON CARRY CLEAR 


Function : This instruction takes a conditional branch to the appointed ad- 
| dress if the C is O. If the C is 1, the next instruction is exe- 
cuted. The addressing mode is relative. 


Status flag : No change 


Addressingmode | Statement _—_—| Machine codes | Bytenumber | Cycle number 
Relative | ABCCA$hhil 01g ris | 2 


(Note 1) rri6=$hhil-(k+2). The rri6 is a value in a range of -128 ~ +127. 
(Note 2) Add 2 to cycle number for a branch execution. 
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BCS BCS 


BRANCH ON CARRY SET 





Operation : When (C) = 1, (PC) < (PC) + 2+ REL 
(C) = 0, (PC) & (PC) + 2 


Function : This instruction takes a conditional branch to the appointed ad- 


dress if the C is 1. If the C is 0, the address goes to the next 
address. 


Status flag: No change 


Addressingmode | Statement | Machinecodes | Bytenumber | Cycle number 
Relative —_|ABCSA$hhIl 2 


(Note 1) rrigé=$hhil—(k+2). The rrié is a value in a range of -128 ~ +127 
(Note 2) Add 2 to a cycle time for a branch execution. 


3/ 





BEG 


Operation : When (Z) = 1, (PC) <« (PC) + 2 + REL 
(Z) = 0, (PC) — (PC) + 2 


Function : This instruction takes a conditional branch to the appointed ad- 
| dress when the Z is 1. If the Z is 0, the next instruction is exe- 
cuted. The addressing mode is relative. 





BEG 





BRANCH ON EQUAL 


Status flag : No change 


_Addressingmode | __—Statement__——|_—Machinecodes | Bytenumber | Cycle number 
Relative | ABEQA$hhil Forme | 2 | 2 


(Note 1) rrie=$hhil—(*+2). The rrié is a value in a range of —128 ~ +127. 
(Note 2) Add 2 to cycle number for a branch execution. 
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BIT 





BIT 


TEST BIT IN MEMORY WITH ACCUMULATOR 
Operation : (A) ~ (M) 


Function : This instruction takes a logical AND of every bit of the A and 
M contents; however, no result is stored anywhere. The con- 
tents of the N, V and the Z flags will be changed but no 
change for the A and M contents. 


Status flag N: N is 1 when bit 7 of M is 1; otherwise it is 0. 

: V is 1 when bit 6 of M is 1; otherwise it is 0. 

: No change 

: No change 
No change 

: No change 

: Z is 1 when the result of the logical AND is 0; otherwise 
Z is O. 

: No change 


oO NO-WA< 


Addressingmode | == Statement —S—i|§:- Machinecodes | Byte rune Cycle number 


Zero page |ABITA$zz 2416, ZZ16 3 
Absolute ABITA$hhill 2C16, ll16, hhi6é ; 4 
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BMI 


Operation : When (N) = 1, (PC) <— (PC) + 2 + REL 
(N) = 0, (PC) — (PC) + 2 


Function : This instruction takes a conditional branch to the appointed ad- 
dress when the N is 1. If the N is 0, the next instruction is 
executed. The addressing mode is relative. 





BMI 


BRANCH ON RESULT MINUS 


Status flag : No change 


Addressingmode | = Statement _———|_Machinecodes | Byte number | Cycle number 
Relative — | ABMIA$hnhIl 3016, rri6 2 


(Note 1) rri6é=$hhil—(k+2). The rrié is a value in a range of -128 ~ +127. 
(Note 2) Add 2 to cycle time for a branch execution. 
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BNE 


Operation : When (Z) = 0, (PC) — (PC) + 2 + REL 
(Z) = 1, (PC) — (PC) + 2 


BNE 


BRANCH ON NOT EQUAL 


Function : This instruction takes a conditional branch to the appointed ad- 
dress if the Z is 0. If the Z is 1, the next instruction is exe- 
cuted. The addressing mode is relative. 


Status flag : No change 


Addressingmode | ___—Statement__—— | Machine codes | Byte number | Cycle number 
Relative | ABNEA$hhil 2 


(Note 1) rri6=$hhil-(k+2). The rrié is a value in a range of -128 ~ +127. 
(Note 2) Add 2 to cycle number for a branch execution. 
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BPL 





BPL 


Operation : When (N) = 0, (PC) < (PC) + 2 + REL 
(N) = 1, (PC) <— (PC) + 2 


BRANCH ON RESULT PLUS 


Function : This instruction takes a conditional branch to the appointed ad- 
dress if the N is O. If the N is 1, the next instruction is exe- 
cuted. The addressing mode is relative. 


Status flag: No change 


Addressingmode | ____—Statement__—|_ Machinecodes | Bytenumber | Cycle number 
Relative | ABPLA$hhil Norrie =| = 2 


(Note 1) rrié=$hhil—(*+2). The rr16 is a value in a range of —128 ~ +127. 
(Note 2) Add 2 to cycle number for a branch execution. 
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BRA 


Operation : (PC) — (PC) + 2 + REL 





BRA 


BRANCH ALWAYS 


Function : This instruction jumps to the appointed address. The objective 
address is expressed in relative addressing mode. 


Status flag: No change 
Addressingmode | __——sStatement__—— | Machine codes | Byte number | Cycle number 
Relative | ABRAAS$hhIl 4 


(Note) rri6=$hhil-(k+2). The rrie is a value in a range of -128 ~ +4127. 
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BRK 


Operation : 





BRK 


FORCE BREAK 


7 p 


Function : When the BRK instruction is executed, the CPU: pushes the 
current PC contents onto the stack and stores the break ad- 
dress data (BADRS) . The break address data is stored in the 
interrupt vector table into the PC. 


Status flag N: No change 
| V: No change 
T: No change 
B: 1 
i: No change 
D: 1 
Z: No change 
C: No change 


Addressingmode | __—— Statement| Machinecodes | Byte number | Cycle number 
Implied __ [ABRKA 7 | 


(Note 1) “BADRS” means a break address. 

(Note 2) Addresses vary for different microcomputers. 

(Note 3) The value of the PC pushed onto the stack by the execution of the 
BRK instruction is the BRK instruction address plus two. Therefore, 
the byte following the BRK will not be executed when the value of 
the PC is returned from the BRK routine. 

(Note 4) In some microcomputers, the BRK instruction uses the same vector 
address as INT2. 
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BVC BVC 


BRANCH ON OVERFLOW CLEAR 





Operation : When (V) = 0, (PC) — (PC) + 2 + REL 
(V) = 1, (PC) — (PC) + 2 


Function : This instruction takes a branch to the appointed address if the 
V is 0. The addressing mode of the objective address is rela- 
tive. If the V is 1, the address goes to the next address. 


Status flag : No change 


Addressingmode | —Ss Statement —S'|_: Machine codes Cycle number 
Relative | ABVCAS$hnhI 2 


(Note 1) rri6=$hhil—(k+2). The rrié is a value in a range of -128 ~ +127. 
(Note 2) Add 2 to cycle number for a branch execution. 
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BVS  BVS 


BRANCH ON OVERFLOW SET 


Operation : When (V) = 1, (PC) <— (PC) + 2 + REL 
(V) = 0, (PC) — (PC) + 2 


Function : This instruction takes a branch to the appointed address if the | 
V is 1. The addressing mode of the objective address is rela- 
tive. If the V is 0, the PC goes to the next address. 


Status flag : No change 


Addressingmode | Statement _—_|_ Machine codes | Byte number | Cycle number 
Relative _ [ABVSA$hnhIl 7O1e re =| | 


(Note 1) rri6=$hhil—(*+2). The rrié is a value in a range of -128 ~ +127. 
(Note 2) Add 2 to cycle number for a branch execution. 
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CLB CLB 


CLEAR BIT 








Operation : (Ai) < 0, or 
(Mi) — 0 


Function : This instruction resets the appointed bit i of the A or the M to 
0. 


Status flag : No change 









Addressingmode | =» Statement —S—+|-:« Machinecodes | Byte number 
Accumulator bit) ,c1 p A.A 


Relative 


Zero page bit | AcLBai $zz 
Relative ! 


Cycle number 
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CLC 


Operation: (C) < 0 





CLC 


CLEAR CARRY FLAG 


Function : This instruction resets the C to 0. 


Status flag N: No change 
: No change 
: No change 
: No change 
No change 
: No change 
: No change 
: 0 


OND-WHA< 


naaressng mode [Statement| Machine codes | Byle number | Gycie number 
implied |ACLG 2 
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CLD 


Operation: (D) < 0 


CLD 


CLEAR DECIMAL MODE 


Function : This instruction resets the D to 0. 


Status flag N: No change 
: No change 
- No change 
: No change 
0 
: No change 
- No change 
: No change 


Addressingmodel = —s Statement —sS*'{:s« Machine codes Cycle number 
Implied |ACLD D816 1 2 


ONO-W4A< 
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CLI — CLI 


CLEAR INTERRUPT DISABLE STATUS 





Operation : (I) < 0 
Function : This instruction resets the | to 0. 


Status flag N: No change 
: No change 
: No change 
: No change 
change 


: No change 
: No change 


ONO-W+< 
Zz 
oO 





Addressing mode Machine codes Cycle number 


_Implied 
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CLT CLT 


CLEAR TRANSFER FLAG 


Operation: (T) < 0 
Function : This instruction resets the T to O. 


Status flag No change 
No change 
0 


T 
B: No change 
C 


V 


N : 

|: No change 

D: No change 

Z: No change 
: No change 


Addressingmode | ss Statement ———s' |: Machinecodes | Bytenumber | Cycle number 
implied [CLT 2 
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CLV CLV 


CLEAR OVERFLOW FLAG 


Operation : (V) < 0 
Function : This instruction resets the V to 0. 


Status flag N: No change 
: 0 

: No change 
: No change 

No change 
: No change 
: No change 
: No change 


ONDO-WHA< 


Addressingmode | ==—s- Statement —sS—|-:« Machine codes Cycle number 
implied [CLV 
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CMP 





CMP COMPARE 


Operation : When (T) = 0, (A) — (M) 
(T) = 1, (M(X)) — (M) 


Function : This instruction subtracts the content of M from the A contents 
if the T is 0. No result is stored in anywhere and none of the 
content of A, B or V is changed at this moment. If the T is 1, 
the CMP subtracts the M contents from the M(X) contents. No 
result is stored anywhere and the V will not be changed. The 
M(X) means the contents of the memory where the X indicates. 
Status flag N: N is 1 when the bit 7 is 1 after the subtraction; otherwise 
N is 0. 
: No change 
- No change 
: No change 
No change 
: No change 
: Z is 1 when the subtraction result is 0; otherwise Z is 0. 
: C is 1 when the subtraction result is equal to or greater 
than 0; otherwise C is 0. 


ONO-WA< = 







Addressing mode 


Machine codes | Byte — 


Cycle number 


































Immediate |ACMPA#$nn C916, nn16 2 
Zero page |ACMPA$zz C516, ZZ16 3 
Zero page X | ACMPA$zz,X D516, Zz16 4 
Absolute |ACMPA$hhiIl CD16, lli6, hhie 4 
Absolute X |ACMPA$hhIl,X DD16, ll16, hhieé 5 
Absolute Y |ACMPA$hnhIl,Y D916, ll16, hhie 5 
(Indirect X) | ACMPA($zz,xX) C116, Zz16 6 
(Indirect Y) | ACMPA($zz),Y D116, 2Z16 6 
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COM 





COM 


COMPLEMENT 


Operation: (M) < (M) 


Function : This instruction takes one's complement of the M contents and 


Status flag 


ONO-DA< 


stores the result in M. 


N: N is 1 when the bit 7 of the M is 1 after the implement; 
otherwise N is 0. | 
: No change 
: No change 
: No change 
No change 
: No change 
: Z is 1 when the execution result is 0; otherwise Z is 0. 
: No change 


Addressingmode | =—S— Statement —_—sCYi{ss« Machine codes Cycle number 
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Zero page 


ACOMA$zz 5 


CPX 








CPX 


COMPARE MEMORY AND INDEX REGISTER X 


Operation : (X) — (M) 


Function : This instruction subtracts the content of M from the X contents; 
however, no result is stored anywhere and none of X, M or V 
content is changed at this moment. 


Status flag 


B 
D 
Z 
C 


Addressing mode 
Immediate 
Zero page 

Absolute 






N 
V: 
T 






|__—Statement_— 

ACPXA#$nn E016, nni6 
ACPXA$zz E416, 2z16 
ACPXA$hnhil 


N is 1 when the 7 bit after the subtraction; otherwise N is 
0. 
No change 


: No change 
: No change 


No change 


: No change 


Z is 1 when the subtracted result is 0; otherwise Z is 0. 
C is 1 when the subtracted result is equal to or greater 
than 0; otherwise C is 0. 


Cycle number 







Machine codes | Byte number 
2 


EC16, lie, hhie 
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CPY 


Operation : (Y) — (M) 


CPY 


COMPARE MEMORY AND INDEX REGISTER Y> 


Function : This instruction subtracts the content of the M from the Y 
| contents; 
however, no result is stored anywhere and none of the content 
of Y, M or V is changed in this instruction. 


Status flag N: N is 1 when the bit 7 is 1 after the subtraction; otherwise 
N is 0. 

: No change 

: No change 

: No change 
No change 

: No change 

: Z is 1 when the subtracted result is 0; otherwise Z is 0. 

: C is 1 when the subtracted result is equal to or greater 
than 0; otherwise C is 0. 


ONO-WA< 









Addressing Cycle number 





Machine codes 
2 


Immediate |ACPYA#$nn C016, nnié 2 
Zero page |ACPYA$zz C416, zz16 
Absolute |ACPYA$hhIl CCi6, ll16, hhie 





96 


DEC 


Operation : (A) <— (A) —- 1, or 
(M) <— (M) - 1 





DEC 


DECREMENT BY ONE 


Function : This instruction subtracts 1 from the A or the M contents; 
however, neither of V or C is changed. 


Status flag N: N is 1 when the bit 7 is 1 after the addition; otherwise N 
is 0. 

- No change 

: No change 

: No change 
No change 

: No change 

: Z is 1 when the added result is 0; otherwise Z is 0. 

: No change 


ONO-W4I< 











Addressing 









Cycle number 









Machine codes | Byte number 
7 









Accumulator | ADECAA 1A16 2 
Zero page |ADECA$zz C616, 2216 5 
Zero page X | ADECA$zz,X D616, 2Z16 6 
Absolute ADECAS$hhill CE16, lli6, hhie 6 
Absolute X |ADECA$hnhil,X DE 16, ll16, hhie 7 





o/ 





DEX 


Operation : (X) < (X) — 1 





DEX 





DECREMENT INDEX REGISTER X BY ONE 


Function : This instruction subtracts one from the current value of me Xx 
and stores the result in the X. 


Status flag N: N is 1 when the bit 7 after the aconen is 1; otherwise N 
is 0. 

: No change 

: No change 

: No change 
No change 

: No change 

: Z is 1 when the added result is 0; otherwise Z is 0. 

: No change 


ONO-BHA< 


Addressingmode | = —- Statement —S—i|:~ Machine codes Cycle number 
implied [ADEX 2 
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DEY DEY 


DECREMENT INDEX REGISTER Y BY ONE 





Operation: (Y) < (Y) -— 1 


Function : This instruction subtracts one from the current value in the Y 
and stores the result into the Y;: however, neither of the V or 
C content is changed at this moment. 


Status flag N: N is 1 when the bit 7 is 1 after the subtraction; otherwise 
N is 0. 

: No change 

: No change 

: No change 
No change 

: No change 

: Z is 1 when the subtracted result is 0; otherwise Z is 0. 

: No change 


Addressingmode | = —Ss- Statement —Si'|_: Machine codes Cycle number 
Implied |ADEY 8816 | 2 


ONDO-DA< 
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DIV 


Operation : 


Function : 


Status flag : 


DIVIDE MEMORY BY ACCUMULATOR 
(A) <— (M(zz+X+1),M(zz+X)) / (A) 
M(S) <— one's complement of Remainder 
(S) — (S) - 1 | 


Divides the 16-bit data in M(zz+X) (lower byte) and M(zz+X+1) 
(higher byte) by the accumulator contents. The quotient is stored 
in the accumulator and the one's complement of the remainder 
is pushed onto the stack. 







dividend lower — (A) divisior 


dividend upper 








(A) quotient 
Zero page 





one's complement 
of Remainder 





No change 


Addressingmode | Statement ——| Machine codes | Bytenumber | Cycle number 
Zero page X [ADIVA$z2,X 16 


(Note 1) This instruction can not detect overflow due to a divide by zero. 
Please check for a non-zero divisor in software. 

(Note 2) This instruction changes the stack pointer and the contents of the 
accumulator. | 

(Note 3) This instruction is not available on the entire MELPS 740 series. 
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EOR EOR 


EXCLUSIVE OR MEMORY WITH ACCUMULATOR 


Operation : When (T) = 0, (A) < (A) V (M) 
(T) = 1, (M(X)) <— (M(X)) V (M) 





Function : This instruction transfers the contents of the M and the A to the 
ALU which performs an exclusive OR bit-by-bit, and stores the 
result into the A when the T is 0. When the T is 1, it transfers 
the contents of the M(X) and the M in the same way us above. 
The content of A will not be changed except the status flag 
contents. The M(X) means a memory content of the address 
appointed by X. 































Status flag N: N is 1 when the bit 7 is 1 after the operation; otherwise N 
is O. 

V: No change 

T: No change 

B: No change 

|: No change 

D : No change 

Z: Z is 1 when the operation result is 0; otherwise Z is 0. 

C: No change 
Addressing mode REOR A 1 achine cones | Byle number _ Cycle number 
Immediate p 4916, nni6 2 
Zero page |AEORA$zz 4516, 2Z16 3 
Zero page X |AEORA$zz,X 5516, ZZ16 4 
Absolute |AEORA$hhII 4D16, ll16, hhie 4 
Absolute X |AEORA$hhIlI,X 5D16, ll16, hhi6e 5 
Absolute Y |AEORA$hnhII,Y 5916, lli6, hhie 5 
(Indirect X) |AEORA($zz,X) 4116, 2Z16 6 
(Indirect Y) |AEORA($zz),Y 5116, 2216 6 





(Note) Add 3 to cycle number when T is 1. 
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FST 


Operation : Connects oscillator output to XOUTF. 





FAST 





Interrupt 


Request 
Interrupt 1 ® 
Disable Flag | ? ) aoe 7 
Reset Instruction 


Dee a eee SC oe 


4 Timer a oat 
A top Bit 
SWosc CE<1 


1/2 1/2 O 
A ow, 


XOUTS XOUTF 


CE=0 — 7 Internal Clock a 


RF External ca Reset 
Resistor | STP 





Instruction 


In case M50740A-XXXSP/FP, M50740ASP, or M50741-XXXSP/FP 


To Timer 


Internal Clock @ 





In case M50752-XXXSP, M50757-XXXSP, or M50758-XXXSP 


Function : When CR clock generating circuit is formed, external resistance 
value became small. Therefore clock oscillating frequency be- 
come high. 

RS ¢ RF 

lue = ————— 

Resistance value RS.RE 


Status flag : No change 


Addressingmode | ss Statements || Machine codes | Bytenumber | Cycle number 
implied [AFST ae 


(Note 1) This instruction is not for any other models than M50740A-XXXSP/FP, 
M50740ASP, M50741-XXXSP/FP, M50752-XXXSP, M50757-XXXSP 
and M50758-XXXSP. 

(Note 2) The SWOSC closes at reset. 
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INC 


Operation : (A) <— (A) + 1, or 
(M) <— (M) + 1 





INC 


INCREMENT BY ONE 


Function : This instruction adds one to the A or the M contents. 


Status flag N: N is 1 when the bit 7 is 1 after the addition; otherwise N 
is O. 

: No change 

- No change 

: No change 
No change 

: No change 

: Z is 1 when the added result is 0; otherwise Z is 0. 

-: No change 


ONO-DA< 










Addressing mode 
Accumulator 


Machine codes 
3AI16 


Cycle number 





| 















AINCAA 






Zero page |AINCA$zz E616, 2z16 
Zero page X |AINCA$zz,X F616, ZzZ16 
Absolute |AINCA$hhIl EE16, ll16, hhie 


NO © O1 PM 





Absolute X |AINCA$hhIl,X FE16, lli6, hhieé 
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INX INX 


Operation : (X) <— (X) + 1 





INCREMENT INDEX REGISTER X BY ONE 


Function : This instruction adds one to X contents. 


Status flag N:N is 1 when the bit 7 is 1 after the addition; otherwise N 
is O. | | 
: No change 
: No change 
- No change 
No change 
: No change 
: Z is 1 when the added result is 0; otherwise Z is 0. 
- No change 


ONO-W4IA< 


Addressingmode | = —Ss Statement —Si+|§-: Machine codes Cycle number 
implied —_|AINX 
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INY 





INY 





INCREMENT INDEX REGISTER Y BY ONE 
Operation: (Y) < (Y) + 1 
Function : This instruction adds one to the Y contents. 
Status flag N: N is 1 when bit 7 is 1 after the addition; otherwise N is 0. 
V: No change 
T: No change 
B: No change 
I: No change 
D: No change 
Z: Z is 1 when the added result is 0; otherwise Z is 0. 


C: No change 


Addressing mode | === Statement —sSY'|_:~ Machine codes Cycle number 
implied —_[AINY 
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JMP 


Operation : When addressing mode is 
(a) Absolute, then 
(PC) <— hhil 
(b) Indirect Absolute, then 
| (PCL) <— (hhil) 
(PCH) <— (hhil+1) 
(c) Zero page Indirect Absolute, then 
(PCL) < (zz) 
(PCH) <— (zz+1) 


JUMP 





Function : This instruction jumps to the address appointed by the follow- 
ing three addressing modes; the absolute addressing mode, 
Indirect absolute addressing mode or the zero page Indirect 
absolute addressing mode. 


Status flag : No change 






Addressingmode | = —- Statement —S—|,-:«Machine codes | Cycle number 
Absolute |AJMPA$hnhII 4C16,lli6,hhie 3 
Indirect AJMPA($hhil) 6C16,Il16,hhi6 
Zero page Indirect; AJMPA($zz) B216,zz16 
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JSR JSR 


Operation : (M(S)) — (PC) 

(S) — (S) - 1 

After the above operations, if the addressing mode is 

(a) Absolute, then 
(PC) <— hhil 

(bo) Special page, then 
(PCL) < Il 
(PCH) «— FFi16 

(c) Zero page Indirect, then 
(PCL) <— (zz) 
(PCH) <— (zz+1) 





JUMP TO SUBROUTINE 


Function : This instruction jumps to the address appointed by the Abso- 
lute's, Special page's or Zero page Indirect's addressing mode 
after saving the PC contents into the stack. 


Status flag : No change 





Machine codes Byte poe 


nee 2016, ll16, hhi6 
AJSRA\$hhil (Note) | 2216, Il16 
AJSRA($zz) 0216, Zz16 


(Note) “\” denote special page(At DC16 of the ASCII code). hhié must be FF16 
in the special page addressing mode. However, hhie must be 1F16 at 
the M50740A-XXXSP/FP, M50741-XXXSP/FP, M50740ASP, M50752- 
XXXSP, M50757-XXXSP and M50758- XXXSP- in the special page 
addressing mode. 






Addressing Cycle number 
Absolute 
Special page 


Zero page Indirect 
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LDA 


Operation : When (T) = 0, (A) <— (M) 
| (T) = 1, (M(X)) <— (M) 


LDA 


LOAD ACCUMULATOR WITH MEMORY 


Function : This instruction transfers the content of M to the A when the T 
is 0. It transfers the M content to the (M(X)) when the T is 1. 
The content of A is not changed at the time except the status 
flag. The M(X) is the memory content of the address where the 
X appointed. 


Status flag N: N is 1 when the bit 7 is 1 after the execution; otherwise N 
is 0. : | 
: No change 
: No change 
: No change 
No change 
: No change | 
: Z is 1 when the execution result is 0; otherwise Z is 0. 
: No change 


ONO-DoHA< 








Addressing 





Machine codes | Byte number 


Cycle number 

























Immediate |ALDAA#$nn A916, nnié 2 
Zero page |ALDAA$zz A516, nnié 3 
Zero page X |ALDAA$zz,X B5i6e, nnié 4 
Absolute |ALDAA$hhII - ADi6, lli6, hhi6é 4 
Absolute X |ALDAA$hnhII,X BD16, Ili6, hhie 5 
Absolute Y |ALDAA$hnhIl,Y B916, ll16, hh16 S45 
(Indirect X) |ALDAA($zz,xX) Al16, 2Z16 6 
(Indirect Y) | ALDAA($zz),Y Bli6é, 2z16 6 





(Note) Add 2 to cycle number when T is 1. 
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LDM 





LDM 


Operation : (M) <— nn 


LOAD IMMEDIATE DATA TO MEMORY 


Function : This instruction loads the immediate value into the M. 


Status flag : No change 


Addressingmode | =—s— Statement —_—sSX\i{|;,-« Machine codes Cycle number 
Zero page |ALDMA¥$nn.$2z 4 
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LDX 


Operation : (X) <— (M) 





LDX 





LOAD INDEX REGISTER X FROM MEMORY 


Function : This instruction loads the M content into the X. 


Status flag N: N is 1 when the bit 7 is 1 after the execution; otherwise N 
is QO. 

: No change 

: No change 

: No change 
No change 

: No change 

: Z is 1 when the execution result is 0; otherwise Z is 0. 

: No change 


ONO-O+A< 









Addressing mode Cycle number 


Machine codes 
















Byte number 
2 








Immediate |ALDXA#$nn A216, nni6- 2 
Zero page |ALDXA$zz A616, 2216 3 
Zero page Y |ALDXA$zz,Y B616, zz16 4 
Absolute |ALDXA$hhIl AE16, llis, hhie 4 
Absolute Y |ALDXA$hnhIl,Y BE 16, lli6, hhie 5 
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LDY 


Operation: (Y) <— (M) 





LDY 


LOAD INDEX REGISTER Y FROM MEMORY 


Function : This instruction loads the M content into the Y. 


Status flag N: N is 1 when the bit 7 is 1 after the execution; otherwise N 
is 0. 

: No change 

: No change 

: No change 
No change 

: No change 

- Z iS 1 when the execution result is 0; otherwise Z is 0. 

: No change 


ONO-OA< 










Addressing mode 





Machine codes | Byte mabe 


Cycle number 





















Immediate |ALDYA#$nn A016, nnié 2 
Zero page |ALDYA$zz A416, ZZ16 3 
Zero page X | ALDYA$zz,X B416, Zz16 4 
Absolute ALDYA$hhll AC16, ll16, hhie 4 
Absolute X |ALDYA$nhnhIll,X BC16, ll16, hhie 5 
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LSR LSR 


LOGICAL SHIFT RIGHT 


Operation: ,) _, o7{ | | fff tbo > 


Function : This instruction shifts either the A or the M location one bit to 
the right with the bit 7 of the result always being set to 0, and 
the bit O being stored in the C. 


Status flag N: 0 

: No change 

: No change 

: No change 
No change 

: No change 

> Z is 1 when the execution result is 0; otherwise Z is 0. 

: C is 1 when the bit O of either the A or the M before the 
execution is 1; otherwise C is 0. 


ONO-W4I< 








Addressing mode 


Machine codes Byte number 









Cycle number 











Accumulator | ALSRAA 4A16 2 
Zero page |ALSRA$zz 4616, 2Z16 5 
Zero page X |ALSRA$zz,X 5616, ZZ16 6 
Absolute |ALSRAG$hhIl 4E16, lli6, hhie 6 
Absolute X |ALSRA$nhnhIl,X 5E16, ll16, hhie 7 
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MUL 


MULTIPLY ACCUMULATOR AND MEMORY 





MUL 


Operation : M(S) « (A) <— (A) xX M(zz+X) 
(S) <— (S) - 1 


Function : Multiplies accumulator with the memory specified by the zero 
page X addressing mode and stores the high byte of the result 
on the stack and the low byte in the accumulator. 


Eee 
multiplicant M(zz+X) x (A) multiplier 
—— i el I —=— 
product M(S) (A) 1 
Zero page = upper ain eins 


Status flag : No change 


Addressing mode AT et Machine codes | byte number Cycle number 
Zero page X |AMULA$zz,X e226 | 2 | 15 


(Note 1) Be careful instruction of accumulator and stack pointer changes when 
this instruction execute. 
(Note 2) This instruction can use in special kind (and so M37450). 


13 


NOP NOP 


No OPERATION 
Operation : (PC) <— (PC) + 1 


Function : This instruction adds one to the program counter but does no 
other operation. 


Status flag: No change 


Addressingmode | == Statement —Si'{|_ Machine codes Cycle number 
Implied |ANOPCJEAtgn << +s] 2 


74 


ORA 


Operation : When (T) 
(T) 


Function : This instruction transfers the A and the M contents to the ALU 
which performs an “OR” bit-by-bit, and stores the result in the 
A if flag T is O. If the T is 1, it operates the M(X) and the M 
in the same way of above. The content of A is not changed at 
the time except the status flag. The M(X) means the memory 
content of the address where the X appoints. 





ORA 


OR MEMORY WITH ACCUMULATOR 


0, (A) < (A) v (M) 
1, (M(X)) <— (M(X)) v (M) 


Status flag N: N is when the bit 7 is 1 after the operation; otherwise N is 
0. 

: No change 

: No change 

: No change 
No change 

: No change 

: Z is 1 when the execution result is 0; otherwise Z is 0. 

: No change 


ONO-WA< = 


Machine codes Byte number 







Addressing 





Cycle number 

































Immediate |AORAA#$nn 0916, nnié 2 2 
Zero page |AORAA$zz 0516, ZZ16 3 
Zero page X | AORAA$zz,X 1516, ZZ16 4 
Absolute AORAA$hhil OD16, Il16, hhie 4 
Absolute X |AORAA$hhII,X 1D16, llie, hhie 5 
Absolute Y |AORAA$hnhIl,Y 1916, Il16, hhie 5 
(Indirect X) | AORAA($zz,xX) 0116, 2Z16 6 
(Indirect Y) | AORAA($zz),Y 1116, 2z16 6 





(Note) Add 3 to cycle number when T is 1. 
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PHA 





PHA 


Operation : (M(S)) <— (A) 
(S) <— (S) - 1 


PUSH ACCUMULATOR ON STACK 


Function : This instruction pushes the content of A to the address the 
stack pointer appoints, and decrements the stack pointer con- 


tents by one. 


Status flag: No change 


Addressingmode | Statement__—_—_—|_ Machine codes | Bytenumber | Cycle number 
Implied [APHA 3 
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PHP 


Operation : (M(S)) < (P) 
(S) — (S) - 1 





PHP 


PUSH PROCESSOR STATUS ON STACK 


Function : This instruction pushes the contents of the processor status 
register to the memory of the address where the stack pointer 
appoints and decrements the stack pointer contents by one. 


Status flag : No change 


Addressingmode | === Statement —'{_ Machine codes Cycle number 
Implied |APHP 3 
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PLA 


Operation: (S) < (S) + 1 
| (A) <— (M(S)) 





PLA 


PULL ACCUMULATOR FROM STACK 


Function : This instruction adds one to the stack pointer and loads the 
memory content of the address where the stack pointer ap- 
points into the A. : 


Status flag N: N is 1 when the bit 7 after the execution is 1; otherwise N 
is 0. 

: No change 

: No change 

: No change 
No change 

: No change 

: Z is 1 when the execution result is 0; otherwise Z is 0. 

: No change 


ONO-WHA< 


Addressingmode | = —Ss Statement —S—«{|§:~« Machinecodes | Bytenumber | Cycle number 
implied —[APLA 4 
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PLP PLP 


PULL PROCESSOR STATUS FROM STACK 


Operation: (S) < (S) + 1 
: (P) <— (M(S)) 


Function : This instruction adds one to the stack pointer and loads the 
memory content of the address where the stack pointer ap- 
points into the processor status register. 


Status flag: Value returns to the original one that was pushed in the stack. 


Addressingmode | Statement| Machine codes | Bytenumber | Cycle number 
Implied | APLP 4 


19 


ROL . ROL 


ROTATE ONE BIT LEFT 


Oseration | | 
o7] | | | | ff b0j<| oc fe 


Function : This instruction shifts either the A or the M one bit left combin- 
ing with the C. The C content is stored in the bit O and the bit 
7 is stored in the C. 


Status flag N: N is 1 when the bit 6 is 1 before the execution; otherwise 
N is 0. 
V: No change 
T: No change 
B: No change 
I: No change 
D: No change 
Z: Z is 1 when the execution result is 0; otherwise Z is 0. 
C: C is 1 when bit 7 is 1 befor execution; otherwise C is 0. 


Addressing mode 
Accumulator 
Zero page 





La toment _____Machine codes | Bye number _ 
AROLAA 2A16 


AROLA$zz 2616, ZZ16 

Zero page X | AROLA$zz,X 3616, ZZ16 
Absolute |AROLAS$hhII 2E16, llis, hhie 

Absolute X |AROLA$hhII,X 3E16, {l16, hhie 


Cycle number 


























NO © O17 PM 
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ROR ROR 


ROTATE ONE BIT RIGHT 


SSS Ree ree a ea Ie a RT ISIS SNe ee ea Ee Dae Oh ee ER SR A 
ey Stor] | tt | tf bop 


Function : This instruction shifts either the A or the M one bit right 
combining with the C. The C content is stored in the bit 7 and 
the bit O content is stored in the C. 


Status flag N:N is 1 when the C content before the execution is 1; 
otherwise N is 0. 

: No change 

No change 

No change 

No change 

No change 

Z is 1 when the execution result is 0; otherwise Z is 0. 
C is 1 when bit O is 1 before execution; otherwise C is 0. 


SNS ee ee 










Addressing mode 
Accumulator 
Zero page 





Machine codes 
6Ai6 


6616, ZZ16 
7616, ZZ16 
6E16, lli6, hh16 
7E16, Ili6, hhie 


Cycle number 


















ARORAA 1 


ARORA$zz 
Zero page X |ARORA$zz,X 
Absolute |ARORA$hhII 
Absolute X |ARORA$hnhII,X _ 






2 
2 
3 
3 
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RRF RRF 





ROTATE RIGHT OF FOUR BITS 


anaes 
b7 b4 | b3 | bO 


Function : This instruction rotates 4 bits of the M content to the right (It 
: may be called “swap nibbles”). | 


Status flag : No change 


Addressingmode | = —s- Statement —Sm*i{:“~ Machine codes Cycle number 
Zero page |ARRFA$zz 8216, ZZ16 a ae 8 


RTI 


Operation : 





RTI 


RETURN FROM INTERRUPT 


Function : This instruction reload the status flag and the PC content that 
have been pushed to the stack when they are interrupted and 
sets them back to their pre-interrupt state. The M(S) means the 
memory content of the address where the stack pointer ap- 
points. 


Status flag : Value returns to the original one that was pushed in the stack. 


Addressingmode | = —- Statement —Si'|-~ Machine codes Cycle number 
Implied | ARTI 6 
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RTS RTS 
RETURN FROM SUBROUTINE _ 


Operation: (S) < (S 


)+1 
(PCL) <— biel 
(S) < (S) + 


(PCH) <— (M(S ) 
(PC) <— (PC) + 1 


Function : This instruction reloads the content of the PC which has been 
pushed to the stack when the subroutine is called and incre- 
ments the PC by one. The PC points the next instruction at this 
time. The M(S) means the memory content of the address where 
the stack pointer appoints. 


Status flag : No change 


Addressingmode | =—s- Statement —Si{_- Machine.codes Cycle number 
Implied [ARTS 6 
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Operation : When (T) = 0, (A) — (A) - (M)- (C) | 
(T) = 1, (M(X)) <— (M(X)) — (M) - (C) 





SBC 


SUBTRACT WITH CARRY 


Function : This instruction subtracts the value of the M and the comple- 
ment of C flag from the value of the A, and stores the results 
into the A and the C if the T is 0. If the T is 1, the instruction 
subtracts the value of the M(X) and the complement of C from 
the value of the M(X), and stores the results into the M(X) and 
the C. The content of A is not changed except the status flag. 
The M(X) is the memory content of the address where the X 
appoints. 


Status flag N=: N is when the bit 7 is 1 after the execution; otherwise N 
is O 
V: V is 1 when the operation result exceeds +127 or —128; 
otherwise V is 0. 
: No change 
: No change 
No change 
: No change 
-: Z is 1 when the operation result is 0; otherwise Z is 0. 
: C is 1 when the operation result is equal to O or greater 
than 0; otherwise C is 0 and shows the borrow is gener- 
ated. 


ONOU-O4 








Addressing 















Machine codes 













C} 








Immediate |ASBCA#$nn E916, nnié6 2 
Zero page |ASBCA$zz E516, 2z16 3 
Zero page X | ASBCA$zz,X F516, ZZ16 4 
Absolute ASBCAS$hhiIl ED16, lli6, hh16 4 
Absolute X |ASBCA$hnhIl,X FD16, Ili6, hhie 5 
Absolute Y |ASBCA$hnhIl,Y F916, Il16, hhie 5 
(Indirect X) | ASBCA($zz,X) E116, zz16 6 
(Indirect Y) |ASBCA($zz),Y F116, 2z16 6 





(Note 1) Add 3 to cycle number when T is 1. 

(Note 2) When the SBC instruction is used in decimal operation mode the 
following rule must be applied if a SEC, CLC, SED or CLD instruc- 
tions are used immediately afterwards: one dummy instruction (e.g. 
NOP) must be inserted between the ADC and clear/set carry (or 
Clear/set decimal mode) instruction. 
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SEB 





SEB 


Operation : (Ai) < 1, or 
(Mi) <— 1 


SET BIT 


Function : This instruction sets the appointed bit i of the A or the M to 1. 
Status flag : No change 


ASEBAi,A (20°i+B)16 1 
ASEBAi,$zz (20°i+F)16, 2Z16 2 










Cycle number 






Addressing mode 
Accumulator bit 
Zero page bit 
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SEC 


Operation: (C) < 1 





SEC 


SET CARRY FLAG 


Function : This instruction sets the C to 1. 
Status flag N: No change 
V: No change 
T: No change 
B: No change 
I: No change 
D: No change 
Z: No change 
C: 


1 


Addressingmode | =—s—- Statement —=—S—i|§_-s«sMachine code Cycle number 
Implied |ASEC 2 
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SED 


Operation: (D) < 1 





SED 


SET DECIMAL MODE 


Function : This instruction set the D to 1. 


Status flag N: No change 
: No change 
: No change 
: No change 
No change 
at 
: No change 
: No change 


Addressingmode | == Statement —S*i|§-:« Machine codes Cycle number 
Implied [ASED _ 2 


ONO-DA< 
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SEI SEI 


SET INTERRUPT DISABLE FLAG 
Operation: (I) < 1 
Function : This instruction sets the | to 1. 


Status flag N: No change 

: No change 
: No change 
: No change 

1 

: No change 
: No change 
: No change 


Addressingmode | = —Ss Statement —sSY—i{|$s-:« Machine codes Cycle number 
Implied | ASEI 2 


ONOD-WHA< 


89 


SET SET 


Operation: (T) < 1 


SET TRANSFER FLAG 


Function : This instruction sets the T to 1. 
Status flag N: No change 
V: No change 
bet 

B: No change 
|: No change 
D: No change 
Z: No change 
C: No change 

Addressingmode | ss Statement__—— | Machine codes | Byte number | Cycle number 

Implied 2 


90 





SLW SLW 


Operation : Releases the connection between the oscillator output and pin 
XOUTF pin. 


SLOW 





Interrupt 


Request 
Interrupt i S$ Q 
Disable Flag | ) OD eas 
Reset Instruction 


> Dew ae 


ss Timer eer 
top Bit 
SWosc CE=1 


1/2 
ee 


XOUTS XOUTF 


CE=0 


Internal Clock o 


RF External C | Reset 


Resistor STP 
Instruction 





To Timer 





Internal Clock @ 
s ; 
X IN Xouts XOUTF 


In case M50752-XXXSP, M50757-XXXSP, or M50758-XXXSP 


Function : When CR clock generating circuit is formed, executing the SLW 
instruction is lowered the oscillation than FST instruction exe- 
cuting, because of the external resistance value is only Rs. 


Status flag : No change 


Addressingmode | Ss Statement = —_—=| Machine number Cycle number 
Implied | ASLW 2 


(Note 1) This instruction is not for any other models than M50740A-XXXSP/FP, 
M50740ASP, M50741-XXXSP/FP, M50752-XXXSP, M50757-XXXSP 
and M50758-XXXSP. 

(Note 2) The SWosc closes at reset. 
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STA _ STA 


STORE ACCUMULATOR IN MEMORY 





Operation : (M) < (A) 


Function : This instruction stores the A content into the M. The contents 
of A is not changed at the time. 


Status flag : No change 


| «Statement —si|§-:« Machinecodes | Byte cube 


Addressing mode Cycle number 




































Zero page |ASTAA$zz 8516, ZZ16 4 
Zero page X | ASTAA$zz,X 9516, 2216 5 
Absolute | ASTAA$hhII 8Di16, Il16, hhi6e 5 
Absolute X |ASTAAG$hhII,X 9D16, Il16, hh16 6 
Absolute Y |ASTAA$hhII,Y 9916, ll16, hhie 6 
(Indirect X ) | ASTAA($zz,X) 8116, ZZ16 7 
(Indirect Y) | ASTAA($zz),Y 9116, ZZ16 7 





92 


STP 


Operation : CPU < Stand-by state (Oscillation stopped) 





STP 


STOP 





Interrupt 
Request 


es ) 


: >—Timing @ 
Interrupt ST A A Po (Internal Clock) 
Disenable Flag | Instfuetion XIN Xout 
Reset 


t A ey 
Instruction Timer X Count > 


Stop Bit 


Reset » : 
sy 
Instructio 





Function : This instruction resets the oscillation control F/F and the oscil- 
lation stops. To wake up from this mode, reset or interrupt input 
is needed. CPU starts its function after the timer X over flows 
(comes to the terminal count). All registers or internal memory 
contents except Timer X will not change during this mode. (Of 
course needs VDD). 


atus flag : No change 


Addressingmode | Statement| Machine codes | Byte number | Cycle number 
implied 2 
(Note 1) This instruction is not provided for M50752-XXXSP, M50757-XXXSP, 
and M50758-XXXSP. 

(Note 2) This circuit diagram a little differ by any other models. For more 
detail, see the “MITSUBISHI SEMICONDUCTORS SINGLE-CHIP 
MICROCOMPUTERS DATA BOOK”. 
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STX 





STX 


Operation : (M) < (X) 


STORE INDEX REGISTER X IN MEMORY 


Function : This instruction stores the X content into the M; X is not 
changed. 


Status flag : No change 






|______Statement_ _—_—_—si| Machinecodes | Byte number | 
ASTXA$zz 8616, ZZ16 


ASTXA$zz, Y 9616, ZZ16 
ASTXA$hhil 8E16, lli6, hhie 


Cycle number 





Addressing mode 
Zero page 
Zero page Y 
Absolute 
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STY 





STY 


Operation : (M) < (Y) 


STORE INDEX REGISTER Y IN MEMORY 


Function : This instruction stores the Y content into the M: Y is not 
changed. 


Status flag: No change 


|. Statement —s{_: Machine codes | Byte number 


Addressing mode Cycle number 














Zeropage |ASTYA$zz 8416, ZZ16 2 
Zero page X | ASTYA$zz,X 9416, 2216 | 2 
Absolute |ASTYA$hhIl 8C16, Il16, hhi6 3 
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TRANSFER ACCUMULATOR TO INDEX REGISTER X 
Operation : (X) < (A) 


Function : This instruction transfers the A content to the X; The contents 


of A are not changed. 


Status flag N:N is 1 when the bit 7 is 1 after the transfer; otherwise N 


is 0. 

: No change 

: No change 

: No change 
No change 

: No change 

: Z is 1 when the result after the transfer is 0; otherwise Z 
is 0. 

: No change 


NO-O+A< 


© 


Addressingmode | =—s Statement —S*i|,-:« Machine codes Cycle number 
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Implied 


ATAX 2 





TAY 








TAY 


TRANSFER ACCUMULATOR TO INDEX REGISTER Y 


Operation : (Y) < (A) 


Function : This instruction transfers the A content to the Y; The content of 


A are not changed. 


Status flag N: N is 1 when the bit 7 is 1 after the transfer; otherwise N 


is 0. 

: No change 

: No change 

: No change 
No change 

: No change 

: Z is 1 when the result of the transfer is 0; otherwise Z is 
0. 

: No change 


NO-O+A< 


O 


Addressing mode Statement Machine codes Cycle number _ 


Implied 


ATAY 


2 
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TST TST 


Operation : (M) = 0 ? 





TEST FOR NEGATIVE OR ZERO 


Function : This instruction tests whether or not the M contents are zero 
and modifies the N and Z. 
Status flag N: N is when the bit 7 of M is 1; otherwise N is 0. 
V: No change 
T: No change 
B: No change 
|: No change 
D: No change 
Z: Z is 1 when the M content is 0; otherwise Z is 0. 
C: No change 


Addressingmode | = —- Statement =—s'| Machine codes | Bytenumber | Cycle number 
Zero page |ATSTA$zz 6416, 2Z16 3 


98 


TSX 





TSX 


TRANSFER STACK POINTER TO INDEX REGISTER X 


Operation: (X) < (S) 

Function : This instruction transfers the S contents to X. 
Status flag N: N is 1 when the bit 7 is 1 after the execution otherwise N 
V:is O. 
T: No change 

: No change 
I: No change 
D: No change 
Z: No change 

: Z is 1 when the execution result is 0; otherwise Z is 0. 
No change 


B 

C 

Addressingmode | ss Statement_——_—s|_ Machine codes | Bytenumber | Cycle number 
implied _[ATSX 2 
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TRANSFER INDEX REGISTER X TO ACCUMULATOR. | 
Operation : (A) <— (X) 


Function : This instruction transfers the X contents to A. 


Status flag N: N is 1 when the bit 7 after the execution is 1; otherwise N 
is 0. 
V: No change 
No change 
: No change 
No change 
: No change 
Z is 1 when the execution result is 0; otherwise Z is 0. 
: No change 


ONO=s0 4 


Addressingmode | = —Ss- Statement —Si|- Machine codes ‘Cycle number. 
implied [ATXA 
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TXS TXS 


TRANSFER _INDEX REGISTER X TO STACK POINTER 





Operation: (S) < (X) 
Function : This instruction transfers the X contents to S. 


Status flag: No change 


Addressingmode | = Statement —Si'{:- Machine codes Cycle number 
Implied [ATXS 2 
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TYA TYA 


TRANSFER_INDEX REGISTER Y TO ACCUMULATOR 
Operation : (A) < (Y) 





Function : This instruction transfers the Y contents to A. 


Status flag: N: N is 1 when the bit 7 after the execution is 1; otherwise N 
is 0. 

: No change 

: No change 

: No change 

No change 

: No change 

Z is 1 when the execution result is 0; otherwise Z is 0. 
: No change 


ONO OA< 


Addressingmode | ==—Ss- Statement —S—i|- Machine codes Cycle number 
Implied |ATYA 9816 2 
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WIT 


Operation : CPU < Wait state 





WAIT 


Interrupt 
Request 


1) 
Interrupt 


Disenable Flag | 
Reset 


Instfuction 


WIT 
Instruction Timer X Count 
Stop Bit 


Reset iD : 
STP % 


Instruction 





Function : This instruction resets the internal clock control F/F and internal 
clock source is stopped after this instruction. To wake up from 
this wait mode, reset or interrupt inputs are needed. Oscillation 
will not stop during this wait mode. 


Status flag: No change 


Addressing mode Machine codes Byte number | Cycle number 
implied —_[AWIT les] tT 


(Note 1) This instruction is not provided for M50740A-XXXSP/FP, M50740ASP, 

M50741-XXXSP/FP, M50752-XXXSP, M50757-XXXSP and M50758-XXXSP. 

(Note 2)This circuit diagram a little differ by any other models. For more detail, 
see the “MITSUBISHI SEMICONDUCTORS SINGLE-CHIP MICROCOM- 
PUTERS”. 
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Notes for Programing 





4.Notes for Programing 


4.1 Note about Processor Status Register 
4.1.1 Initialize the processor status register 
The contents of processor status register(PS) 
is indeterminate after reset except the | flag. 


Therefore the flags that influence on execution Flags Initializing 
of program, are required to initialize. 
Especially initialize the T flag, and D flag are i 

I 

; 


influenced on operation directory. 
Fig.4.1 Flag in PS Initialization 





4.1.2 How to refer to the processor status register 
(1)Execute a PHP instruction to save the of 
processor status register(PS) into 
stack(S+1). 
(2)Read from the contents of stack(S+1). 
(3)To restore the previous PS from stack, Saved PS 
execute a PLP instruction. However, aNOP 
instruction is needed after execute the PLP 
instruction. 





Fig.4.2 Stack Memory after the Execution of “PHP” 


PLP Instruction 
NOP Instruction 





Fig.4.3 Example program NO.1 


4.2 Notes for Interrupt Function 
(1)More than one instruction cycle is needed to 
execute the BBC or BBS instruction after 


switching the value interrupt request bit. Switch the Interrupt Request Bit 


NOP Instruction 


BBC, or BBS Instruction 





Fig.4.4 Example program NO.2 
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Notes for Programing 





(2)Even though the BBC and BBS instructions 
are executed just after the interrupt request 
bits are modified (by the program),those 
instructions are only valid for the contents 
before the modification. 


(3)Checking the condition of B flag inthe interrupt 
routine can be used to discriminate between 
the BRK interrupt and the lowest priority 
interrupt. 


4.3 Note for Decimal Operation 
(1)In decimal operation mode(at D flag="1”), 
more than one instruction cycle is needed 
before SEC, CLC, or CLD instruction after 
the ADC or SBC instruction. 
(2)The N (Negative), V(Overflow),and Z(Zero) 
flags are ignored during decimal mode. 


4. 4 Note for Stop Mode 
The time X gate flag (bit 5 at OOF Fie) must be 
closed before a stop instruction so that the 
processor can be waked up later (CLB5 
$FF before STP). 


4.5 Notes for JMP instruction 
Don't designate the last address of each 
page(XXFFie) as the indirect address when 
using JMP instruction in the indirect addressing 
mode. 





Exchange of request flag 


BBC or BBC on the request flag 





Fig.4.5 Example program NO.3 


7 0 


4 
(S)-2} 4] = Bflag 


PCL 
PCH 


Fig.4.6 Example program NO.4 


Set D Flag to “1” 


ADC or SBC Instruction 


NOP Instruction 
SEC, CLC, or CLD Instruction 


Fig.4.7 Example program NO.5 
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APPENDIX 1 


Instruction Cycles in each Addressing Mode 





APPENDIX 1. Instruction cycles in each addressing mode 

Internal clock @, which has a frequency one fourth of the f(XIN) (oscillating frequency), controls 

the system timing of series MELPS 740. 

The SYNC signal is output in every instruction fetch cycle. 

In this period, value of PC(program counter) is also output. 

Op code is fetched during the next half-period of @. 

Instruction decoder of CPU decodes this op code and determines the following procedure. 

Instruction timings of all addressing modes are described on the next pages. 

In these figures, 2, SYNC, R/W(RD, WR), ADDR(ADDRH, ADDRL), and DATA are intemal 

signals of the single-chip microcomputer. 

Therefore, these signals can be investigated only in the microprocessor mode. 

@ If some kind of the single-chip microcomputer that outputs the address signals separately 
(M50734SP is a case in point), the each signal timing are shown in the dashed line box 
as ADDRH and ADDRL. And in this case, the data signal timing(DATA) is shown with 
ADDRL(ADDRL/DATA). 

@ if some kind of the single-chip microcomputer that outputs the read and write signals sepa- 
rately (M37450 is a case in point), the each signal timing are shown in the dashed line box 
as RD and WR. 
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IMPLIED 





Instructions : CLC 
CLD 
CLI 
CLT 
CLV 
DEX 
DEY 
INX 
INY 
NOP 
SEC 
SED 
SEI 
SET 
TAX 
TAY 
TSX 
TXA 
TXS 
TYA 
Byte length : 1 
Cycle number : 2 


Timing : 








ADDR 


DATA 


ADDRH 


ADDRL 
IDATA 





Oe a ed 


rr 
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| IMPLIED | 





nstruction -BRK — 
Byte length 
Cycle number 


iming | 





a 





eeeeeeecenecece2recereneeaeea = 
PRESB BPAA SABE BbAAPOB ABD 


ADDR 


DATA 


0,0,8,6,0,9.0,8,0.9.9 


ee ee me ee ee ae me ee a me a ee ee ee ee ee ee ee ee ee ee ee i ae ee ee ee te Ae te ee ee 


ADDRH 


ADDRL 
IDATA 


SEPP OZ PROB B LOD 





Note 1 : Some kind of types are “01” or content of SPS flag. 
Note 2 : Some kind of types differ the address. 


IMPLIED 





Instructions -STP 
WIT 

Byte length 71 

Timing 











Invalid 


ADDRH 


ADDRL 
IDATA 


Return from standby 
state is excuted by ex- 
ternal interrupt. 

Return from wait state is 
excuted by internal or 
external interrupt. 
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_ IMPLIED 





Instruction : RTI 
Byte length 
Cycle number : : 


Timing 


eresecosocesecs. 
ox 


ete 


Tetatetatatatatate te a 








Petes tat ata tt eterna aranete taster atatetetenanat anata nets eametatatatenenatetatatatate tenet atatatatsteeatatatatatangestatatatetanmsmetetatatensnstetetatenetatatanatetetnsnstatatgratatatetaneata tans tseseetatatatntetstanetatatetanatetanatatatetatatsns ater at alata natal 





PSII OSD SPI BO 


PPP PEO OPPO POPE ODO DPI 


ADDR > 





ADDRH 


ADDRL 
/DATA 





eceaeneanteanwnnanaeananecwnanae 
PPP AE DADE DOD OED ED. 


Note : Some kind of types are “01” or content of SPS flag. : 


IMPLIED 





Instruction ‘RTS 
Byte length 7 
Cycle number :6 


Timing 





ADDR 


DATA 


ADDRH 


ADDRL 
IDATA 





Note : Some kind of types are “01” or SPS flag. 
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| IMPLIED 





Instructions -PHA 
PHP 


Byte length 7 
Cycle number :3 


Timing : 


POOR OEOOOOD 








PPP PP SPSS OS PePereses 
ecerrannrranrrrwaarenrarcnacnrard 


o 


298248480 84.48 2846846444446 284648 24.4.94.4.4.44.45. 4448. 4.4.6.8. SERB BBAASDDARSADSTSVEABREBABEABE BREE 





NO Sk OO OO OO, OO, 





ADDRH 


ADDRL 
/DATA 





| eee athena tatetnetetaetied 
beececewrerrcerr@raewaewroerrrrer 


SD OS SSS SS SSS SSDS STD OS OSS HSE SES BOS SHES SHS OS O98 6 UOT SOTHO 24222 OTT 


Note : Some kind of types are “01” or content of SPS flag. 


IMPLIED 





Instructions :PLA 

PLP 
Byte length 7 
Cycle number :4 
Timing 





ADDR 
paTA x ; vals 


ADDRH 


ADDRL 
/IDATA 





Note : Some kind of types are “01” or content of SPS flag. 
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[TsO] 





instructions 


Byte length 


Cycle number 


Timing 


ADDR 


DATA 


ADDRH 


ADDRL 
IDATA 


IMMEDIATE 


-ADCA#$nn_ = (T=0) 

ANDA#$nn_ (T=0) 

~ CMPA#$nn_ (T=0) 
CPXA#$nn 
CPYA#$nn 

EORA#$nn_ = (T=0) 

LDAA#$nn_ (T=0) 
LDXA#$nn 
LDYA#$nn 

ORAA#$nn = (T=0) 

| SBCA#$nn_ (T=0) 





OOOO OER OOS SSE SHH SSH OAHSSCS SSS S SSS ESHA NHS ST HATS Se TSC eT HBF ese Te See TSS RH 





Oe a tal 





Cerrrrrrrrrwrrer 


Sle SR Se tie See Se ee Ee ee i EE ES SEEDS SSS SESS SSS SSE BEV WTeewewesweweewe wees ee TSS 





Je Eh i Te De Ee Te Te Te SEs Re SS OS SS OSS OHSS SOTO OTTO TOTO 999-4646446 4 OHO OHO HOT OTST 





presee eeeeenvsneveanzaz=e 
Petar wrerrerrwvrwvrwrrrwrwaenré 


eae Waa “We Re ee ee ee SS SE ES SS SSS SSS See 


ACCUMULATOR 





Instructions 


Byte length 


- ASLAA 
DECAA 
INCAA 
LSRAA 
ROLAA 
RORAA 

71 


Cycle number :2 


Timing 


ADDRH 


ADDRL 
/DATA 








é 
( 
é 
é 


Oe ak kk a ak ak ak ak aka ead 





(Pee ee esses esos ere wee e 


SS SS SS OBS OS SS OES OHO SS ES BOS OOOH 8 OOS O48 28ST TSUTBeATASESSUSBTWBWAGS 


Invalid 





PPPS SAP Se Sees esses 
el de ea a 


115 


ACCUMULATOR BIT RELATIVE 





Instructions 


Byte length 


: BBCAI,A,$hhil 
BBSAI,A,$hhil 


(1) With no branch , 
Cycle number 


Timing 


SYNC 


R/W 


ADDRH 


ADDRL 
IDATA 





arate a beter en ae: 


oe tatetatehetshiteatatatetatetatetetetat ate’ 





ee ee Oe ee ee ee ee ee ee ee ee ee ee ee ee ee eee 





SBOP OBAADPBLBDDLDAAL 2D Dp 
@eaeenen en aewnves aeeneeue 


Se Te ee ee ee ee ee ee ee ea ee Te ee ee ee ee ee ee ee 


Invalid 





BACCLCECLLACAALEAARAARARARARBRARARARESRASESAARSABRABRAEAASRSVASPAABSEBSVSABANABVWSWSWEDEARSDREAABRRAAARABRBRSABVABRABRASRRREARAEERBREABEARREDE EE 





Pee seesaw sees eesereners 
eu aeeeueneceanaenaaeaazna 


RCRD BNSDVNREADEASL AERA RARREADRRABREARAABRASBRASRSBASERADRABASRRSAASRBDAARSTAAABRASRBABRSARARBWABRASBRSASABREASRSERSEASDARAERR ERDAS 0.68.0. 


ACCUMULATOR BIT RELATIVE 





Instructions 


Byte length 


: BBCAI,A,$hhil 
BBSAI,A,$hhil 
:2 


(2) With branch 
Cycle number 6 


Timing 


SYNC 


R/W 


RD 


WR 


ADDR 


DATA 


ADDRH 


ADDRL 
/DATA 












Invalid 


x (PC+2)H#RR 





RR: Offset value 


*1: (PC+1)L 


*2: (PC+2)L+RR 
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ACCUMULATOR BIT 





Instructions ‘CLBAI,A | 
SEBAI,A 


Byte length 
ycle number " 





Timing 





BPEL RESEAELELDE REREAD SASLEALELER SEDER SSE BREARADRSEAREARARRSEDRRARERRRARADEAEREEBRERA REEDS ES 


- 





Per essere sess errsser ree 
flheewwreeracarrwrrewococreran 


BWWLVAWVVCVWSDAAAWBVEAEASBEATBABRARARBRSAAVABAWSBEBSARADBDVWABCSASABRSAADESEAREASBBVASASDSDAAERARABEEESRED 





- 


ADDRL 
/IDATA 





POPPED DEDEDE DOL ODDD DD 
twtr rweerwrroerwrrwerrrer 


Trrrererrrrrrrrrrrrrrrrrrrrirrrreetirrrrreirirreiirreirrrrrrrrerrrrtreteeeeeee 


BIT RELATIVE 





Instructions : BBCAI,$zz,$hhil 
BBSAI,$zz,$hhil 
Byte length :3 


(1) With no branch 
Cycle number 15 


Timing 





ee ah ee | 





ADDR 
pata TX oR Xam KX oma Xia 


ADDRH 


ADDRL 
IDATA 
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BIT RELATIVE 


Instructions : BBCAI,$zz,$hhil 
BBSAI,$zz,$hhil 





Byte length 


(2) With branch 
Cycle number 


Timing | 





SRB BB BB Bena ere Bee Qeawte nara RBS een e neta eee eanan Beene wee ann eesraeananenananae 





ses ensereseweewsewraewoewwd 


6 
‘ 
‘ 
6 
¢ 
‘ 
4 
4 
a 
t) 
4 
a 
a 
t 
8 
‘ 
4 
8 
, 
4 
‘ 
° 


- 


Re ks ee ae ee ee i eee a ae ae ee ee ee te eee ae ee ae ee ae ee ee ee em ee ee ee ee ee eee ee ee ee ee me ee ee ee me ae ne ome sa ae ree ne ee ee ee re ee ee ee Oe ee ee ee ee ee ee 





ADDRH 


ADDRL 
/IDATA 


preaeeenecewnanaeannewaneven 
al at aa 





RR : Offset address 
“1 :(PC+3 
( 


*2 :(PC+3)L+RR 





ZERO PAGE BIT 





Instructions : CLBAI,$zz 
SEBAI,$zz 

Byte length 4 

Cycle number '5 

Timing 






Pees eee e222 2 27 2 2ePTess 


DATA 


~ ADDRH 


ADDRL 
IDATA 


PBS SADE PSP PDLLALLDASP Le 
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ZERO PAGE 








Instructions :ADCA$zz_ (T=0) | 

ANDA$zz_ (T=0) 

BITA$zz | 

CMPA$zz_ (T=0) 

CPXA$zz 

CPYA$zz 

EORA$zz (T=0) 

LDAA$zz (T=0) 

LDXA$zz 

LDYA$zz 

ORAA$zz_ (T=0) 

SBCA$zz_ (T=0) 

TSTA$zz 


Byte length 
Cycle number 


Timing 








oe: 
etna at eta te fete! 


eee eeecceceee sce e esse ewe seca te ee See ese eeseeeese sees ace wees ecee sees aces aeeeenasanansessaewvesnaanaseen 


ea ae aoaS 





PPPPPAPPO POLLED DAD D PH’ 





se eeee eee ene nwa ene een Sees eee nZeesZ Fen enetesseev,aecnenees es eens een ese Bs ee een eeneeeoeanaeewnananvuag 


ADDRH 


BODOCOUUO OORT CRR HO ICI 


ADDRL 
IDATA 





ed 
meeneeeneveecnce se ee eenwaee 





ZERO PAGE 








Instructions : ASLA$zz 
COMA$zz 
DECA$zz 
INCA$zz 
LSRA$zz 
ROLA$zz 
RORA$zz 
Byte length :2 
Cycle number 5 
Timing 
g 
SYNC 
R/W 
RD 
WR } 
ADDR 
DATA 
ADDRH } 3 
ADDRL } : 
IDATA | 
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ZERO PAGE 





Instruction | :-RRFA$zZzZ 
Byte length 
Cycle number : 


Timing : 



















www wor rrr ror rere 
wouseaeceeen event aanawa: 


SAVAGE ROBBED Deere DED weweseeBeeeneDe BBB een eaenunaewenn nanan Tew weanwe ene tween Wenn nanannenn naman 
' 


Invalid 





Soe “Shy “Ws Es “Ul Us ee ee ee ee Oe ee ee ee ee ee ee ee ee ee ee ee ee et 


ADDRH 


ADDRL 
IDATA 





(weer wer wre rere www wwe 
tamnnenennwneoeeennunvene 


ZERO PAGE 





Instruction : LDMA#$nn,$zz 
Byte length :3 
Cycle number 


= 


Timing 





SS SS SS SSS STS SSS STS SSS SSS SSSR SESS SSS SSS SSRBOTTODSTSDTTVI SSBB 





reerrerwoewrorrrwrrorworwns 
emg aeseanmecunnevnautaeezasvecan 


eS BSS OO SO OO 8 OOO 8 OO 8 he OS ee OST TBTEE 


ADDR 


DATA 





eh ho Es “Ths “Eh Sn Shs “The Py hy Shs “Ue he “Uh "Eke “At Sih Ty hs “te SW She le SAO “We “ys Ws eh Us NE Sh Se SN OR Rn TRO Se en ay RS eee ee ee ee ie ee 


- 





O 
> 
= 
> 


(Pov ee ese ser wrerrr rr rrrer 
Beaten anaannaenservreaannvenzesn 


SSS SS SS SS SSS SSS OSS OHO OOOO OS OOO 8 8 8 0 0 8 99S HST OTSTO29OTS] TTD DTD 
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ZERO PAGE | 





nstructions 


Byte length 


- STAA$zZz : . 
STXA$zz 
— STYA$z2z | 


Cycle number 


& 


iming - 


ADDRH 


ADDRL 
IDATA 





ee ee a ee ee ee ea he ee ee ee te ee a ee te ae ee ee ee ee a ee a ee ee ee ee ee ee et ee ee eg 





nw ww OOOO OOOO OTOH E SOO SOOO OEE SESH SEH SESH RHEDSSSE SEEMS SHEETS SHER AHOB ERED SCHECHTER HEE HOBEBEBBEHe 





ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee eee ee 





te ee ee ee ee ee ek 


ZERO PAGE X 





Instruction : MULA$zz,X_ (Note) 
Byte length :2 

Cycle number > 15 

Timing 





Note : This instruction can be used special types (M37450 is a case in point). 
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ZERO PAGE X 


DIVA$zz,X (Note) 


2 





\ 


Instruction 


Byte length 


16 


Cycle number 























00 


+ 
x< 
+ 
—! 
an) 
<x 





t). 


| types (M37450 is a case in poin 


la 


truction can be used spec 


is ins 


Th 


Note 


1 


ZERO PAGE X 





Instructions : ASLA$zz,X 
DECA$zz,X 
INCA$zz,X 
LSRA$zz,X 
ROLA$zz,X 
RORA$zz,X 

Byte length :2 

Cycle number "6 


Timing 





Sa CD Gil) Ge 
DATA 


ADDRH 


ADDRL 
/DATA 
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[TsO] ZERO PAGE X 
ZERO PAGE Y 





Instructions : ADCA$zz,X (T=0) 
ANDA$zz,X (T=0) : 
CMPA$zz,X (T=0) 
EORA$zz,X (T=0) 
LDAA$zz,X (T=0) | 
LDXA$zz, 
LDYA$zz, 
ORAA$zz, T=0) 
SBCA$zz,X (T=0) 

Byte length | 

Cycle number : 


Timing 


re! oho! 


fofete 
rarer eteta a ene e's etee 





hs Ah Ti MRR Ee SSS HSS SOS SS SS SES OS Se Oe 9S 8 HOES DOETWO TY 





FPP PPODP OP BDAP DOOD OS 
ese eueeeeveanosnsaecen ores 


SD ee ED SSS BS SS OS, SS SSO OTT STS SOTO HSS SOFT 8 SS SS OF BO 88 8 8 OOS OSH SSH SEAWSHUEAUUBTG 


ADDR 


ATA 


ADDRH 


ADDRL 
/IDATA 





PP se ZoesZ2evws2erelrrere 
eens eencsesnunseesnaeneanene 


ZERO PAGE X 
ZERO PAGE Y 





Instructions : STAA$zZz,X 
STXA$zz,Y 
STYA$zz,X 

Byte length :2 

Cycle number 15 


Timing 





ADDR / / J cs ADL+X(or Y) 
A f f. f:. ,00 


DATA = XK opcode X 
ADDRH 


ADDRL 
/DATA 
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[T=O] 





ABSOLUTE 
Instructions ‘-ADCA$hhII (T=0) 
ANDAS$hhil (T=0) 
BITA$hhiI 
CMPAS$hhiI (T=0) 
CPXA$hhIl 
CPYA$hhIiI 
EORA$hhII (T=0) 
LDAA$HhhII (T=0) 
LDXA$hnhil 
LDYAS$hhil 
ORAA$hhII (T=0) 
SBCA$hhII (T=0) 
Byte length :3 
Cycle number 4 
Timing 
4 
SYNC 
R/W 


ADDR 
DATA 


ADDRH 


ADDRL 
IDATA 






ee ee 





Dd ee ee ee 





PP PPADS PAPHOS D DS 
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ABSOLUTE 





Instructions : ASLA$hhII 
DECA$hhII 
INCA$hhIil 
LSRA$hhil 
ROLA$hhil 
RORAShhil 

Byte length :3 

Cycle number :6 

Timing 





ADL, ADH 





DATA : / OP code \ 


ADDRH 


ADDRL 
/DATA 
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ABSOLUTE 





nstruction 
Byte length 


: JMPA$hhII 


Cycle number 


iming 





' 


tee tae se eae eee ee me Ue a a ee ee ee a ee ee ree ee ee a ee a ie ee ee ee ee ee ee ee ee ee ee ee ee ee ee i ee ey 


BOGOR 





CPP FASS ABAREP SABA ALOLD 
es @unseeeecuen eens aneaneuan 


Bt ee a ek ee ee ee 





ADDRH 


ADDRL 
IDATA 


Ce ee ad 


ey The ke ee ee ae ee ee ee ee ae ee ee ee ee ee ee ee Te ee ee ee ee ee ee ee 


- 





i RR a Re a i Ri i a i Re Nh Ri i i ia i i i i i Bi ae Bie ae he he Ni Rian Rien he i i Ri i Rieti i Rieti naan tian a arti Nin ie oe Bie ie Bi en Bi inane Rinne Sa Sa thai hehe Bion 


ABSOLUTE 





Instruction : JSRA$HHhII 
Byte length :3 

Cycle number °6 

Timing 


S,00 (Note) 





Note : Some kind of types are “01” or content of SPS flag. 
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ABSOLUTE | 





Instructions - STAAS$hHhII 
STXA$hhIl 


STYAS$hhil es | 
Byte length 
Cycle number °5 | 








ee ee ee ee ee ke ee ee ee ee ek ee el 





‘cee rorrrrerwaowrrrrrrrrer 
Lasse ene errerse nen ennan ps 


ADDR 


DATA 





ST a ee ee ee 0 ee ee ee 0 ee ee ee ee ee ee 0 ee ee ee 


at | 


ADDRH 


ADDRL 
IDATA 





fewrerereeerererrerrarerrerarn 
bere eee eZ P POP e PSP PED Ds. 


a ee ee bt hh bb he hh hh hh oe 


(sO) ABSOLUTE X 
ABSOLUTE Y 





Instructions :ADCA$hhII,X or Y (T=0) 
ANDA$hbhiI,X or Y =0) 
CMPA$hhII,X or Y (T=0) 
EORA$hhII,X or Y =0) 
LDAA$hhII,X or Y (T=0) 
LDXA$hhIlL,Y 
LDYAS$hhII,X 
ORAA$HhHII,X or Y (T=0) 
SBCA$hhII,X or Y  (T=0) 

Byte length :3 

Cycle number 5 


Timing 


ADDR 


DATA 


ADDRH 


ADDRL 
/IDATA 





C:Carry of ADL+X or Y 
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ABSOLUTE X | 








nstructions : ASLA$HHII,X 
DECA$hnhII,X 
INCA$hhII,X 
LSRA$hhil,X | 
ROLAS$hhIl,X ; 
RORAShhil, 


yte length 
Cycle number 


iming : 





a 


| 










OO 





ADDRH 


ADDRL 
IDATA 


C:Carry of ADL+X 





te 


BR Dae Rn BRED Between meme neen wanna nae were ewww eee wanna newer neenwmam een anna ae wae 


ABSOLUTE X 
ABSOLUTE Y 


Instruction :STAA$HhII,X or Y 
Byte length :3 
Cycle number :6 





Timing 





ADDR / y Vv Y \/—ADL+X(or Y) 
s a EN &. fi: ADH 


DH+C 





ADDRH 


ADDRL 
/DATA 


C:Carry of ADL+X or Y 


139 


INDIRECT 





Instructions : JMPA($hhil) 
Byte length :3 
Cycle number 75 


Timing © 






Ce eed ee ee ed ee ee 


ADDR 


DATA 





‘ADDRH 


ADDRL 
IDATA 


ererecrecrevaerarraencacrerrcasr 
Seeresrvsecrvvnsvscen2recenved 





} 
‘ 
$ 
' 
, 
’ 
§ 
' 
? 
' 
, 
6 
’ 
' 
§ 
4 
’ 
‘ 
$ 
? 
é 
§ 
4 
f 
* 
’ 
$ 
’ 
, 
, 
? 
$ 
’ 
§ 
§ 
i] 
‘ 
’ 
‘ 
‘ 
§ 
t 
, 
‘ 
’ 
i 
‘ 
é 
‘ 
é 
§ 
4 
$ 
i] 
‘ 
é 
‘ 
’ 
’ 
4 
’ 
’ 
’ 
é 
’ 
’ 
4 
’ 
' 
# 
’ 
é 
i] 
# 
‘ 
‘ 
‘ 
4 
‘ 
é 
‘ 
‘ 
‘ 
, 
4 
’ 
? 
9 
’ 
4 
‘ 
‘ 
é 
, 
‘ 
§ 
$ 
L 


BA: Basic address 
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ZERO PAGE INDIRECT 


Instruction : JMPA($zz) 
Byte length 2 
Cycle number :4 





Timing 


PeBewewwseese eee 





(Teter sete rere ere a= 


— 4 X x X BAL, 00 
DATA 


ADDRH 


ADDRL 
IDATA 


ee ee ae a a | 





BA: Basic address 
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ZERO PAGE INDIRECT 


Instruction : JSRA($zz) 
Byte length :2 
Cycle number :7 





Timing 





ADDR { X X —S,00(Note) X BAL,00 X 


DATA 


ADDRH 


ADDRL 
IDATA 





BA : Basic address | 
Note : Some kind of types are “01” or content of SPS flag. 
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(=O 
INDIRECT X 


Instructions : ADCA($zz,X) (T=0) 
ANDA($zz,X) (T=0) 
CMPA($zz,X) (T=0) 
EORA($zz,X) (T=0) 
LDAA($zz,X) (T=0) 
ORAA($z2z,X) (T=0) 
SBCA($zz,X) (T=0) 





Byte length :2 
Cycle number :6 
Timing 








ADDR 


DATA 


ADDRH 


ADDRL 
/IDATA 





BA : Basic address 
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nstruction 
Byte length | 
Cycle number 


” 
=f 
> 
Z. 
A 
§ 
3 


iming 










SYNC 





Re ee ee ate ae ae ee me ee ae ee es ee ae ee ee ee ee ee ee ee ee ae Oe ee ea ae ee ee ee ee ee ee ee ee ee ee ee Se ew ee ee re ee ee ee ee ee ee ee ee ee 


ADDRH 


ADDRL 
/IDATA 


BA : Basic address 





(=O) 
INDIRECT Y 


Instructions : ADCA($zz),¥ (T=0) 
, ANDA($zz),Y (T=0) 
CMPA($zz),¥Y (T=0) 
EORA($zz),Y (T=0) 
LDAA($zz),Y (T=0) 
ORAA($zz),Y (T=0) 
SBCA($zz),¥Y (T=0) 
Byte length 2 
Cycle number :6 





Timing 
4 


SYNC 


R/W 


RD 


WR 


ADDR 


X BaL.00 X 


DATA 


ADDRH 


ADDRL 
/IDATA 





BA: Basic address 
C : Carry of ADL+Y 
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| INDIRECT Y 


Instruction : STAA($zz), 
Byte length 7 
Cycle number : 





“1 


Timing ; 





2 
= 


rrr rrr wrwr wr www www wwe 








1 


wen ette eee ee ew eee ee weet women we ewe tewae eee eetewten teeta eens en ewewe wwe waeasanannanwoewnananwang 


ADDRH 


ADDRL 
IDATA 





‘ese ww www www ae rwwarwe 
ween nzreeowenecercrannwnecuweevoean 


BA: Basic address 
C : Carry of ADL+Y | 


RELATIVE 





Instructions : BCCA$hhII 
BCSA$hhIl 
BEQAShhIl 
BMIAS$hhII 
BNEA$hhIl 
BPLAS$hhIl 
BVCA$hhil 
BVSA$hhIl 

Byte length :2 


(1)With no branch 
Cycle number oe 


Timing 





ADDR 









DATA OP code 


ADDRH 


ADDRL 
IDATA 





4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
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Instructions 


Byte length 


RELATIVE 


- BCCA$hhII 
BCSAS$hhIil 
BEQAShhIil 
BMIA$hhil 
BNEAS$hhIl 
BPLAS$hhIl 
BVCAS$hhiIil 
BVSA$hhil 

:2 


(2)With branch 
Cycle number 74 


Timing 


ADDR 


DATA 


ADDRH 


ADDRL 
/IDATA 





erererecerrrocrcccwrocrd 


Pee ese rr reser www se 


é 
‘ 
’ 
é 
é 
é 
é 
é 
é 
é 
‘ 
‘ 
é 
‘ 
é 
é 
‘ 
é 
é 
é 
é 
é 
4 
é 
é 
‘ 
‘ 
é 
é 
‘ 
é 
‘ 
¢ 
é 
é 
é 
‘ 
é 
¢ 
4 
‘ 
(] 
‘ 
] 
‘ 
‘ 
‘ 
( 
¢ 
é 
é 
‘ 
4 
‘ 
‘ 
é 
¢ 
t) 
‘ 
é 
‘ 
s 
‘ 
‘ 
‘ 
é 
U 
é 
’ 
( 
‘ 
é 
é 
‘ 
‘ 
é 
é 
‘ 
é 
) 
¢ 
é 
‘ 
¢ 
t) 
é 
¢ 
‘ 
é 
é 
‘ 
é 
é 
é 
é 
4 
é 
- 


OP code 


nee e ee 


a 


ceereaercacrccocrrccard 





[PPP SP PROP OP ODP DEPP E DS 


Cfowrreer 


Ss Te Eh se ee SS HSS SSS SS SS OSS GS DS SO SS SE SE DT 8 SS SHOOTS EES SEEDED TD 


RR : Offset value 
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RELATIVE 





Instruction : BRAAS$hhII 
Byte length "2 
Cycle number :4 





t 


ee NR ee ee SS BBS OS BH ee OS SESE BWESDSEBWAUWETTUS HOT 





ee 
Se TST eT ee Tee Te errr es 


ee OO 8 8 OO SSO OOOO 8 OO OO 6 Oe 6 88S OO SO 8 OHS STB SEESSBET ASE DADTETBTTAeS Te 


ADDR 


DATA 





ALAKTBSVAASBAEABASARABRRARSBRBSAEBAAREBRERARBRBRADRRTDASRSBAASBRSBREAKRSTSANBEAADREBARSEBRBAKBADBWERADEASRSTEEKRDAEREHERESHEEEEERKBODE TO 


ADDRH 


ADDRL 
/IDATA 





PPP SHS A ASSP PPSABAAS*SSAADSAD 
Oe 


ABVWILATVIAVVSWS*ANBBDAABADRABAVSBDTAAATAAABAAHMAAAARBSTARSEBDERADKBBDABREBNRARERBAABRERARTSBARAKRBDEAREABRAAREABRARAAEEEOE DEA 


RR : Offset value 


SPECIAL PAGE 





Instruction : JSRA\$hhil 
Byte length :2 
Cycle number | 


Timing : 





eh Sth Th hs Sy Re ah A EN Ne SOO Os hn hs en WR “Why thy Sus Why “De hs Us > Es Es Se Se SU Ss Ps Us Us in the Ee SR Re a sR a i ES SESE RSS SEEDED E REEDED 


a 





Fwwtaervcrrerrterrrrrcccrer 
PPPOE SAAD D 


oD SS BS SB SSS SSS SOOO SOS SS BSS SBS 6 OSS OTS BSS ODS SH SSS SS OOS BF SS EOS SH HHO HOSS TST ETEDEGETD 





288 S 8824248488488 22822282 TSSTESBRTLAASVDSDBSAASTSVSVTDBAVSVASVSTEASTABRBSABASBRSVEAS*VSTSFTAASBRAABRABSAABABABAASDRABRBDASRRAEARADABRSEEDABADBAEE 


ADDRH 


ADDRL 
IDATA 





cvwverrcerocererraarraererarra 
BeOS Pe esses ersnzesevrswsssd 


me 0 8 8 8 00006 800A EOE 


BA : Basic address 
Note : Some kind of types are “01” or content of SPS flag. 


(Tel) 
IMMEDIATE 





Instructions -ADCA#$nn_ (T=1) 
ANDA#$nn_ = (T=1) 
EORA#$nn = (T=1) 
ORAA#$nn_ (T=1) 
SBCA#$nn = (T=1) 

Byte length :2 

Cycle number 5 


Timing 


aannannans 





ADDR 


DATA 


ADDRH 


ADDRL 
/IDATA 
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[Tes] 





Instruction 
Byte length 


IMMEDIATE | 


:CMPA#$nn = (T=1) 


Cycle number 


Timing 


ADDRH 


ADDRL 
IDATA 





BRIO COR 





(OS SSS TSE SUT OEE OH SSUES BEET UE SPE WS SSUES SSS SESS SSS SSE SSS 


sMePatatatatetatetatetetetatetete® 





Seesseansnewveeznanenpaenad 


(POCA oe eee reer errno Pee 
- 


1 8 8 SS OS SS SS OS SS) 8 SS SSS we ee ee eS SE See 





FS SSS SSS SSS SSS SSS 8 SSF SBS SBS S TESTS SSSSVVSSDASBV ST SSVEVVSASASSVSVVWVTeTeewTesweeys 





PADMA AGD SAAD DLP AD 
PPP PA OP POPPA SADA DODD PL 


EE ee 


[Wes 2] 


IMMEDIATE 





Instruction 
Byte length 


:LDAA#$nn_ (T=1) 


Cycle number 74 


Timing 








d 





Pee ee eee esses esereseres 
rrrertraerer rere rowrrreere 





ee ee SE EE SS eS ey 





FSA ADPAABAA SABA P OBB BR 
ed 


’ 
¢ 
FY 
r] 
¢ 
é 
qd 


ee ee ee ee ee ed 





(Wet) 
ZERO PAGE 


Instructions :ADCA$zz_ (T=1) 
ANDA$zz_ (T=1) 

EORA$zz (T=1) 

ORAA$zz_ (T=1) 

| SBCA$zz (T=1) 
Byte length 
Cycle number 





Timing | 





















CSOT ee aC? 








= 
=| 




















SODOODOOO 












statetececeteete 
f° 


Re 








ee ee eee ee ee ee ee 
wcwwrwrerr rw or were wr www rere 


Tee ee ee ae Se ie ee ee ee ee Ue eee ee ee Re Ue Te ee ee i ee ee me ae ee a ee ee ee a ee ee me we re ee ee me ee ee em te te eee ee ee ee ee i ee ee ee ee ee me ae ee ee ee ee ee ee ee ee 





sseeeenwaenzeanneeenna = @ 
were wrwwrwrr rrr wr www ree 


[Wes 1) 
ZERO PAGE 
Instruction :CMPA$zz_ (T=1) 


Byte length :2 
Cycle number :4 





Timing 


PPPS ADAP PSAPPABALPL LD 





a 3 x XK AD1.09 


DATA < oP code 





ADDRH 


ADDRL 
/IDATA 





Fa a tt ot ae 
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[Wet] . 
ZERO PAGE 


Instruction :-LDAA$zz_ (T=1) 
Byte length :2 : 
Cycle number 75 





Timing 








SESS TAH HT 





cover aeacacrrecraerarrerrcrr 
bese sess eseneneeannaernes 


Ne ee ee ee ee OO BOOSH HSE SETS SUSE H ESSERE SESS SSSA ST HESS SUE RTTE SST 





SVS SSSR SHS DSSS SED D SDSS SSD SSS SBS SESS RSS SSS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSH 


ADDRL 
IDATA 





Oh he Be oe | 
POP PPPPASSLSL LDP eP ees 


De SS SS OSS 8 OOS BSS SOS OOS 8S OOS FH B88 88S TS ES SO OS OO OS eS HS SS SESDOBSTDWTWST SUEDE DSEDHEASODES 


(ss IL 
ZERO PAGE X 


Instructions ‘ADCA$zz,X (T=1) 
ANDA$zz,X_ (T=1) 
EORA$zz,X (T=1) 
ORAA$zz,X (T=1) 
SBCA$zz,X (T=1) 





Byte length :2 
Cycle number a 
Timing 








DATA 


ADDRH 


ADDRL 
/DATA 





157 


(We Ly] | 
ZERO PAGE X 





Instruction -CMPA$zz,X (T=1) 
Byte length :2 

Cycle number :5 

Timing 






ll lo al ak ok ak ad ae ae ek ae 


ADDR 
DATA _¥ op code 


ADDRH 


ADDRL 
/DATA 


a 
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(es I] 
ZERO PAGE X 





Instruction *LDAA$zz,X (T=1) 
Byte length 2 

Cycle number ‘6 

Timing 








ADDR 


DATA 


ADDRH 


ADDRL 
/IDATA 





ee eee er 
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[Ts] 
ABSOLUTE 


Instruction -ADCA$hhII = (T=1) 
ANDA$hhII (T=1) 
EORA$hbhII (T=1) 
ORAA$hhII (T=1) 
SBCA$hhII (T=1) 





Byte length :3 
Cycle number as 
Timing 





ADDR 


DATA 


ADDRH 


ADDRL 
DATA 
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[Wel] 
ABSOLUTE 


Instruction CMPA$hhIl (T=1) 
Byte length :3 
Cycle number ‘5 





Timing 


2) 


SYNC 


R/W 





PRESS SSS SS SS RR Re EEN RE EE Ey 





ee ee HR RS HSS BSW BSW SRE ABeDeeeseeBewewseeeeBweweanwaws 


ADDRH 


ADDRL 
/IDATA 





Laced teen tinee ti eine Rien lita eaten tien Rie Nines tae ee ie Ren ee ti Ain tie thie eet en ines ie tin tee in ie ents eran an tte tite tain tiie aetna tin iin tin ae tin tiie teeta te tie thei te tn etien ie tate ie thes an Tine en tine trie tine hectiin tes hie ten Aneta tae tiene teat inne ieter tanta tine ia tined 


[Wes IY. 
ABSOLUTE 
Instruction ‘LDAA$hhII (T=1) 


Byte length :3 
Cycle number 6 





Timing 





ADDR 
pata [Xorcoo aor X aon Xone Xai 


ADDRH 


ADDRL 
IDATA 
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(Is IY ABSOLUTE X 
ABSOLUTE Y 


Instructions :ADCA$hhII,X or Y (T=1) 
ANDAShhII,X or Y (T=1) 
EORAShhII,X or Y (T=1) 
ORAA$hhII,X or Y (T=1) 
SBCA$hhII,X or Y (T=1) 





Byte length :3 
Cycle number °8 
Timing 








C : Carry of ADL+X or Y 
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(Ws i] ABSOLUTE X 





ABSOLUTE Y 
Instruction -CMPA$hbhII,X or Y (T=1) 
Byte length :3 
Cycle number :6 
Timing 








ADDR 
DATA 


ADDRH 


ADDRL 
IDATA 





C : Carry of ADL+X or Y 
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(Ws Ly] ABSOLUTE X 
ABSOLUTE Y 


Instruction ‘-LDAAS$hhII,X or Y (T=1) 
Byte length :3 
Cycle number ‘7 





Timing 


oO 


SYNC 


R/W 





wre rer wer ree eww eee eee 


DATA 


ADDRH 


ADDRL 
/DATA 


C : Carry of ADL+X or Y 
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[= Ih |] | 
INDIRECT X 


Instructions : ADCA($zz,X) (T=1) 
ANDA($zz,X) (T=1) 
EORA($zz,X) (T=1) 
ORAA($zz,X) (T=1) 
SBCA($zz,X) (T=1) 





Byte length | :2 
Cycle number 9 
Timing 


i) 


SYNC 


R/W 












ADDR 


DATA 


ADDRH 


ADDRL 
/DATA 


BA : Basic address 
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(Wes I] 





INDIRECT X 
Instruction : CMPA($zz,X) (T=1) 
Byte length :2 
Cycle number :7 
Timing 





ADDR 


DATA 


ADDRH 


ADDRL 
/DATA 





BA : Basic address 
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(Ts 1] . 
INDIRECT X 


Instructions -LDAA($zz,X)  (T=1) 
Byte length 72 | 
Cycle number :8 





Timing © 


54] 
SYNC 
R/W 
RD 
WR 
ADDR 
DATA 


ADDRH 


ADDRL 
IDATA |: 





BA : Basic address 
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(= I || 
INDIRECT Y 


Instructions ‘: ADCA($zz),Y (T=1) 
ANDA($zz),Y (T=1) 
EORA($zz),Y (T=1) 
ORAA($zz),Y (T=1) 
SBCA($zz),Y (T=1) 





Byte length 2 
Cycle number :9 
Timing 








ADDR 


DATA 


ADDRH 


ADDRL 
~ /DATA 





BA : Basic address 
C : Carry of ADL+Y 
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(Tel). 





INDIRECT Y — 
Instruction :CMPA($zz),Y (T=1) 
Byte length :2 
Cycle number [7 
Timing 





ADDR 


DATA 


ADDRH 


ADDRL 
~IDATA 





BA : Basic address 
C : Carry of ADL+Y 
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(Tes I] 





INDIRECT Y 
Instructions :LDAA($zz),Y (T=1) 
Byte length :2 
Cycle number ‘8 
Timing 
o 








ADDR 


DATA 


ADDRH 


ADDRL 
IDATA 





BA : Basic address 
C : Carry of ADL+Y 
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APPENDIX 2 


MELPS 740 Machine Language Instruction Table 





























FUNCTION UNE NOMBRE 
LDA #$nn (A) « nn OXXXxXxXOX| 1010.51 2 |)2 
LDA $2zz (A) « (M) where M=(zz) OXXxXX XOX 2 
LDA $zz,X (A) «# (M) where M=(zz+(X)) OXXXXXOX 2 
LDA $hhll (A) « (M) where M=(hhil) OXXXXXKOX 2 











LDA $hhil,x |(A) « (M) where M=(hhll4(X)) OXXXXXOX 


rh 










N 


LDA $hhil,Y | (A) « (M) where M=(hhll+(Y)) OXXXXXOX 













LDA ($2z,X) 
LDA ($zz),Y 


(A) « (M) where M=((zz+(X)+1)(zz+(X))) 
(A) + (M) where M=((zz+1)(zz)+(Y)) 


N 


OXXXXK XOX 
OXX XX XOX 





Nh 








3 
4 
4 
5 
5 
6 
6 


































LDX #$nn nn OXXXX XOX 2 2 

Z| LDX $2zz |(X) <- (M) where M=(zz) OXXXX XOX 2 3 

S |LDX $2z,Y | (X) © (M) where M=(zz+(Y)) OXXXXXKOX 2| 4 
LDX $hhil (X) « (M) where M=(hhll) OXXXX XOX 3 4 H 
LDX $hhil,Y (M) where M=(hhil+(Y)) OXXXX XOX BE 3 5 





LDY #$nn nn OXXXxX XOX 























LDY $2zz (Y) « (M) where M=(zz) OXXXXXOX 
LDY $2z,X (Y) « (M) where M=(zz+(X)) OXXXXxXOX 
LDY $hhil (Y) «+ (M) where M=(hhil) OXXXX XOX 









LDY $hhil,X |(Y) « (M) where M=(hhil+(X)) OXXXXXOX 


oD > 
5 of FS 
ao © N NN NP 


































' LDM #$nn,$zz (M) « nn where M=(zz) haat 0044..1 10 0 ecae ec eoe 
D <B3> 

Fs STA $2z (A) where M=(zz) XXXXXXXX| 100 0,,01 01 

r STA $zz,X |(M) « (A) where M=(zz+(X)) XXXXXXXX] 100 1,0 104 

3 STA $hhil | (M) « (A) where M=(hhil) XXXXXXXX] 100 0,41 101 








<B3> 
100 lope! 
<B3> 
100 to) 001 
<B3> 


1000,,0001 
100 145.0 0 0 











STA $hhil,X |(M) « (A) where M=(hhil+(X)) 





10 





MK KKK KKK 









STA $hhil,y |(M) « (A) where M=(hhil(Y)) 





XK KKK KK K 




























STA ($2z,X) 
STA ($2z),Y 
STX $2z 
STX $2z,Y 
STX $hbhil 


M) « (A) where M=((2Z+(X)+1)(22+(X))) 
(A) where M=((zz+1)(zz)+(Y)) 

(X) where M=(zz) 
M) «+ (X) where M=(zz+(Y)) 
M) « (X) where M=(hhil) 


XK KKK KK K 
XKKKK KK K 





Store 






o © © X20 
= © OF UOAG 

w oe) on 
NN OO ODO NAMHA 


1000,,011 
100 15,0 110 


100 0 a! 110 
<B3> 


100 0 p20 1 0 
100 1.55.0 10 0 
1000,,,.1 100 


+.) 
TAX —1(X) @ (A) OXXXXKOX,{ 1010 1010 
TXA (A) « (X) OXXXXxXOX]/ 1000 1010; 8A 
A 





KK KKK KK K 
MX KXK KKK 
KXKKK KKK 
















ON NM} N NO 


















MX KKK KKK 
KK KKK KKK 
XK KKK KKK 


STY $2zz 
STY $zz,X 
STY $hhlil 


(M) « (Y) where M=(zz) 
(M) «@ (Y) where M=(zz+(X)) 


(M) where M=(hhll) 





























91 
86 
96 
8E 
84 
94 
8C 
AA 
TAY (Y) + (A) OXXXXXOX{ 1010 #1000 A8 
TYA (A) + (Y) OXXXXKOX] 1001 1000] 98 
TSX (X) « (S) OXXXxXxXOX)/ 1011 1010] B 
TXS (S) « (X) xXXXXKKK} 1001 #1010 9A 
PHA (M(S)) « (A), (S) — (S) —1 xXXXXXXK} 0100 1000 48 
PHP (M(S)) « (PS) , (S) «+ (S) — 1 xXXXXXXXK} 0000 1000;] O08 
68 
28 





Stack 
Operation 


PLA (Ss) + (S)+1, A) (MS) OXXXXXOX] 0110 1000 
PLP (Ss) + (S) +1, (PS)+ (MS) rete Sette | 0.9. oe 400-00 
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MELPS 740 Machine Language Instruction Table 


Ses] Svweo | FUNCTION Try ref EDP swaps 
ADC #$nn + (A)+mn+(C) OOXXXxXOO 1 
ADC $2zz (A) + (M) + (C) where M=(zz) OOXXXXOO 
ADC $2z,X (A) + (M) + (C) where M=(zz+(X)) |OOxxXxXxOO 
ADC $hhil (A) + (M) + (C) where M=(hhil) OOxXxXxXxXOO 


ADC $hhil,X (A) + (M) + (C) where M=(hhil4(X)) |Ooxxxxoo 
ADC $hhil,Y (A) + (M) + (C) where M=(hhil+(Y)) |ooxxxx00 


ADC ($2zz,X) << (A) +(M) +(C) OOXXXxXOO 
where M=((2Z+(X)+1)(Zz+(X))) 


ADC ($2z),Y + (A)+(M He 
where M=((zz+1)(zz)+(Y)) 


SBC #$nn + (A)—nn—(C) OOXXXXOO 
SBC $2zz (A) — (M) — (C) where M=(zz) OOxxxx00 
SBC $zz,X <- (A)—(M) —(C) where M=(zz+(X)) |OOxxxx0O0 
SBC $hhil + (A)—(M)—(C) where M=(hhil) |ooxxxxoo 


OOXXXXOO 


SBC $hhil,X A) —(M) — 
ee Nak 06) 


SBC $hhil,Y + (A)—(M)—(C) OOXXXXOO 
where M=(hhlil+(Y)) 


SBC ($zz,X) (A) — (M) —(C) OOXXxXXKOO 
where M=((22+(X)+1)(22+(X))) 


SBC ($2zz),Y + (A)—(M) —(C) OOXXxXXOO 
where M=((zz+1)(zz)+(Y)) 


INC A (A) +1 OXXXX XOX 

INC $zz (M) + 1 where M=(zz) OXXXxXXOX 0 

INC $zz,X (M) + 1 where M=(zz+(X)) OXXXxX XOX 0 

INC $bhil (M) + 1 where M=(hhll) OXXXX XOX 

INC $hhil,X (M) + 1 where M=(hhil+(X)) OXXXXxXOX 1 
0 
0 
1 


OOXXXXKOO 


_ 
oO 
2 
<4 
” 
oo 
3 
n 
TG 
c 
o 
ae] 
me) 
< 


c 
° 
BS 
o 
t 
® 
a. 
oO 


DEC A (A) — 1 OXKXX XX KO X 
DEC $zz (M) — 1 where M=(zz) OXXXXXOX 
DEC $2z,X (M) — 1 where M=(zz+(X)) OXXXX XOX 
DEC $hhil (M) — 1 where M=(hhil) OXX XX XOX 


DEC $hhil,x + (M)—1 where M=(hhll+(X)) OXXXX XOX 


Nee as OXXXXXOX| 1100 1000 . 
OXXXXXOX| 1000 1000 
DIV $2zz,X oo M(zz+X))={A) 
er eal eal of remainder |XXxXxXxXxXxXxX] 1110 0010 E2 
Ms = a, 


(X)  (X)+1 OXxXxxxox!1110 1000] E8 
(X) @ (X)—1 Oxxxxxox{1100 1010] CA 
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MELPS 740 Machine Language Instruction Table 
SYMBOL FUNCTION 
oa | 


AND #$nn (A) # (A) A nn 

AND $zz (A) + (A)A (M) where M=(zz) 
AND $2z,X |(A) « (A) (M) where M=(zz+(X)) 
AND $hhil | (A) « (A)a (M) where M=(hhil) 


(A) + 
(A) <- (A)a (M) where M=(hhil+(¥)) 















FLAG INSTRUCTION CODE 
NVTBD1I ZC [D7D6D5D4D3D2D1 Do] HEX | 


OXXXXXOX 
OXXXXXOX 
OXXXXXOX 
OXXXXxXOX 




































cé¥) 

















AND $hhll,X (A) A (M) where M=(hhll+-(X)) OXXXXXOX 


AND $hhil,Y OXXXXxXOX 










AND ($2zz,X) (A) , (M OXXXXXO x | 


(A) + ) 

where M=((zz+(X)+1)(2Z+(X))) 
(A) «+ (A)a (M) where M=((zz+1)(zz)+(Y)) 
(A) + (A) v nn 
(A) « (A)v (M) where M=(zz) 
(A) « (A)v (M) where M=(zz+(X)) 
(A) « (A)v_ (M) where M=(hhil) 

















AND ($2zz),Y 
ORA #$nn 
ORA $2z 

ORA $2z,X 
ORA $hhil 


OXXXXXOX 
OXXXXXOx| 
OXXXxX XOX 
OXXXX XOX 
OXXXXXOX 


























ORA $hhil,X lOXxxXxXxX XOX 












|(A) + (A)v (M) where M=(hhil+(X)) 








ORA $hhil,Y | (A) « (A)v (M) where M=(hhil+(Y)) 


+ (A) v (M) 
where M=((zz+(X)+1)(zz+(X))) 


(A) «+ (A)v (M) where M=((zz+1)(zz)+(Y)) 
(A) «+ (A) V nn 
(A) « (A)V (M) where M=(zz) 
(A) « (A)V (M) where M=(zz+(X)) 
(A) « (A)V_ (M) where M=(hhili) 


OXX XX XOX 
















ORA ($2z,X) | (A) OXXXX XOX 















Logic Operation 


ORA ($22),Y 
EOR #$nn 
EOR $2z 

EOR $2z,X 
EOR $hhil 


OXKXK KO X 
OXK XK KOX 
OXXK XX XOX 
OXXXKKOX 
OXXXX XOX 























EOR $hhil,X OXKXXXXOX 


(A) 
(A) + 


+ (A) v (M) where M=(hhil+(X)) 










EOR $hhil,Y (A) ¥ (M) where M=(hhil+-(Y)) OXXXXXOX 






EOR ($2z,X) 





(A) 


(A) + 









+ (A) Vv (M) 
where M=((zZ+(X)+1)(z2Z+(X))) 


oe (M) where M=((zz+1)(Zz)+(Y))| OXXXXxXOX 


OXKXXKOX 





EOR ($zz),Y 









BIT $2z 
BIT $hhil 


(A) (M) where M=(zz) 
(A) (M) where M=(hhil) 
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MELPS 740 Machine Language Instruction Table 





SYMBOL 


Comparison 


CMP #$nn 
CMP $2zz 

CMP $zz,X 
CMP $hhll 


CMP $hhil,x 
CMP $hhil,Y 


CMP ($zz,X) 
CMP ($2z),Y 
CPX #$nn 
CPX $2z 
CPX $hhil 


CPY #$nn 
CPY $zz 
CPY $hhil 


(A) — nn 
(A) — (M) 


FUNCTION 


where M=(zz) 


FLAG INSTRUCTION CODE 
INVT BDI ZC |D7D6D5D403D2D1 Dol] HEX | 


OXXXX KOO 


OXXXX KOO} 


OXXXXKXOO 


(A) — (M) 
(A) — (M) 


(A) — (M) 


(A) — (M) 


(A) — (M) 
(A) — (M) 


where M=(zz+(X)) 


where M=(hhil) OXXXXxXOO 


where M=(hhil+(X)) OXXXXXOO 


where M=(hhil+(Y)) OXxXXxXxXOO 


where M=((zz+(X)+1)(ZZ+(X)))| OXX XX XOO 
where M=((zz+1)(zz)+(Y)) OXXXxXXOO 


Comparison in size 


(Y) — nn 
(Y) —(M) 
(Y) — (M) 


where M=(zz) 
where M=(hhll) 


where M=(zz) 
where M=(hhil) 


OXXXxXXOO 
OXXXxXXOO 
OXX XX KOO 


OXXXX KOO 
OXxX XK KOO 
OXXXXXOO 


BYTE [CYCLE] 
UMBER ander NOTE 
2 2 3 


3 
4 
4 


ee Left Shift [C}+{AzAc_ArAgje-0 SIRO? 


ASL $2z where M=(zz) OXXXxXxXOO 
ASL $2zz,X Left Shift where M=(zz+(X)) |OXxxXxxOO 
ASL $hhil 7M6__M1M0i-9 where M=(hhll) loxxxxxoo 


ASL $hhil,X where M=(hhll+(X)) |] OxxxXxX XOO 





Operation 


ee 
> 


LSR A Right Shift 0 -»[AzA6 Ai A} C) 0 XXXXXOO 


LSR $zz where M=(zz) 0oXxXxXXxXOO 
LSR $2z,X Right Shift where M=(zz+(X)) | 0XXxXxXxXOO 
LSR $hhil é Moti] where M=(hhll) oXXXXXOO 


LSR $hhil,X where M=(hhil+(X))] 0xxXxXxXxXOO 


ROL A Left Shift Aras Aro Ch) pans OXXXXxXKOO 
ROL $zz where M=(zz) 
ROL $2zz,X Left Shift 


ROL $hhil 


OXXXXXOO 
where M=(zz+(X)) |OxxxxxXOO 
where M=(hhil) OXXXXXOO 


Rotate and Shift 


ROL $hhil,x where M=(hhil+(X))|oxxxx x00 





} 


ROR A Right Shift als A7 A6 Ai Ao} 
ROR $zz where M=(zz) 


ROR $zz,X Right Shift where M=(zz+(X)) |OXXXxXxXOO 
ROR shit | }rCHM7MS HAM where Me(hnl)  Joxxxxx00 
ROR $hhil,X Bigg 1 AD 
em 
RRF $2z M7_ MaiM3_ Mo 

os 
CLB iA (Ai) « O where i=0 ~7 XKKKXKKKKPE Gi 1 1-0-1 1 | (2i+t)10+B 
ee + 0 where i=0 ~ 7, M=(zz) XXX] i i i 1,1 111 
SEB i,A (Ai) + 1 where i-0 ~7 iii 0 10141) axtoB- 


(Mi) «+ 1 where i=0 ~ 7, M=(zz) 


OXXXXXO0O 
OXXXX KOO 


rey) QO MND = w QO NN — ce) QO mM NM ie) ewe aloms| om ste n oy) ee) QO NM PO 
oC ee ee ee coer) sen| seniao a 56 





82 


= 

a 

@ 

© 

= 

U 

ry 

iol 

Xx 

x 

x 

x 

x 

Xx 

x 

x 2 

o 

oO 

Ao — _ 

o 

v 

So 

oO 

oO 

ae | rmnon Dm & ie) MPM wp WN oi 2 fp 
m moon > m moon > m mo 

po =f 









~ 
erjen| © | 
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MELPS 740 Machine Language Instruction Table 
ama) SYMBOL_ FUNCTION 























xXXK KO XK XK 
xXKK 1 KK XK 
KKK KK OK K 
KKK KK 1 KX 
XK OK KKK XK 
xx 1X KKK X 
xo KK KKK K 
KKK KKK KK 
mK KKK OK 








- Om_m O =8 O - 0 









o 






BRA $hhil 
JMP $hhil 


(PC) (PC) +24 Rel 
(PC) hil 








~ O10 090 090 O02 O02 A Oo 
o o1o oc Oo Oo Oo 8 8 










o 
_ 
_ 
o 
_ 
Oo 
o 


JMP ($hhil) =| (PO 1) (hhil) , (PC) (hhil+1) xX KKK XK 













JMP ($2zz) 
JSR $hhil 


(PC .) (zz), (PCH) #(zz+1) 
(M(S)) «-(PCW, (S)<-(S)—1, (M(S)) (PCL), 
(S)<-(S)—1 , and (PC) < hhil 

(M(S)) (PCH), (S) «-(S)—1, (M(S)) (PCL), 
(S) @-(S}~1, (PCL)  (2z), and (PCy)  (zz+1) 
(M(S)) (PCH), (S)<-(S)—1, (M(S))- (PCL), 
(S) «-(S)—1, (PC1) ll, and (PCy) «FF 
When(Ai)=0 (PC) <- (PC) + 2 + Rel Where i=0~7 
When{Ai)=1 (PC) © (PC) +2 
When(Mi)=0 (PC) « (PC) +3 + Rel Where i=0~7 
When(Mi)=1 (PC) < (PC) +3 

When(Ai)=1 (PC) «© (PC) + 2 + Rel Where i=0~7 
When(Ai)=0 (PC) © (PC) +2 
When(Mi)=1 (PC) <- (PC) +3 + Rel Where i=0~7 
When(Mij=0 (PC) @- (PC) +3 


When(C)=0 (PC) «+ (PC)+2+ Rel 
Wheme}at tbc + po} 25 


o 


KKK KKK KK 
MK RK KKK KK 

























JSR ($2z) xXXXXX XX 








JSR \$hhil xxxxXxXxK XX 
















BBC i,A,$hhil xx KKK] I 









BBC i,$zz,$hhil KKK EE 














BBS i,A,$hhil xXXKKKKXPE i 












BBS i,$zz,$hhil XXXKKKKKL EL i 


















BCC $hhil xxx XX xXx 
















BCS $hhil 


Branch and Return 














































c Whenchcc tec} + oye” Rel x KK KKK KX 
Q When(C)=0 (PC) @# (PC)+2 
FS BNE $hhil Whent?at EC + rchia xxx KKK KX 
en(Z)= + + 
BEQ $hhil Whent}20 tC} + ois. sb 6. 6.0.0.0.0.>.4 
en(2)= =_ + 
BPL $hhil WhentNvct bo} + Poyta* Rel xxxXxX KX 
When(N)=1 (PC) «# (PC)+2 
BMI $hhil When =1 (PC) + oyta* Rel xX KKK XX 
When(N)=0 (PC) «# (PC)+2 










BVC $hhit | When(V)=0 (PC) + (PC) +2+ Rel 
When(V)=1 (PC) + (PC) +2 


When(V)=1 (PC) + (PC) +2+ Rel 


KKK KKK KK 












BVS $hhil xxx KX XXX 








When(V)=0 (PC) «+ (PC)+2 
RTI (S)-(S) + 1, (PS)-(M(S)), (S)-(S) + 1, Previous status 
(PC 1) <-(M(S}), (S)<-(S) + 1, and (PCH) (M(S)) in stack 
RTS (S)+(S) + 1, (POL)-(M(S)), (S)-{S) +1, XXX KX 
(PC H)+-(M(S)), and (PC) ~ (PC) +1 





BRK @) 2, (PC) + (PC) £2, (MS) + PCH), 
<q sS— 
eee MS)a(Peesaiet 
and (PC) «- BADRS 










[Other [NOP___| 
FST Connect X ouTF pin with internal oscillation circuit. 2 5 
SLW Cut Xoutr pin with internal oscillation circuit. 1100 0010 2 5 
WIT Internal clock source is stopped. 1100 21,6 
STP Oscillation is stopped. 0100 00190 2 7 





MELPS 740 Machine Language Instruction Table 





When 


Accumulater 

Bit i of accumulator 

Index register X 

Index register Y 

Memory 

Bit i of memory 

Processor status register 
Stack pointer 

Program counter 

Lower byte of program counter 
Higher byte of program counter 
Negative flag 

Overflow flag 

X modified operation mode flag 
Break flag 

Decimal mode fla 

Interrupt disable flag 

Zero flag 

Carry flag 

Immediate mode 
Hexadecimal 





: Listed function is when (T) = 

i = 1, (M(X)) is ane instead of (A) and the cycle number is increased by 3. 
: Ditto. The cycle nanber is increased by 2. 
: Ditto. The cycle number is increased by 1. 
: The cycle number is increased by 2 when a branch is occurred. 
: This instruction is provided for MS0740A-XXXSP/FP, 50740ASP, M50741-XXXSP/FP, M50752-XXXSP, M50 


757-XXXSP and M50758-XXXSP. 
M50757-XXXSP and M50758-XXXSP. 





Special page mode 

Higher byte of address (0~255) 
Lower byte of address (0~255) 
Zero Page address (0~255) 
Data at 0~255 

Data at 0~7 

Data at 0~7 

Second byte of instruction 
Third byte of instruction 
Relative address 

Break address 

Direction of data transfer 
Contents of register or memory 
Add 

Substract 

Logical OR 

Logical AND 

Logical Exclusive OR 
Negative 

Stable flag after execution 
Variable flag after execution 


: This instruction is not provided for M50740A-XXXSP/FP, 50740ASP, M50741 -XXXSP/FP, M50752-XXXSP, 


: This instruction is not provided for M50752-XXXSP, M50757-XXXSP and M50758-XXXSP. 
: This instruction is provided for special type only (for example M37450 family). 
: The “CYCLE NUMBER" means the cycle number of the internal clock a. 
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APPENDIX 3 


MELPS 740 Instruction Hexadecimal Code Table 


3 ~D0} o000} 0001 o010 0011 | 0100] or01 Jo110| 0111 | 1000] 1001 | 110 | 101 4100 | 1901 | 1110 | 41 








am am a |mo fea] 
Lu (1 Nl Ni 1 ju 
TIM —-lO -|n w 7 (a oS 
fed oy let or w loc x ww Steep < St ole %~ 
218 218 2G 8G gis gis 2k g “kakaeekeseee 
oc =< |x al < jo etic Sin <  < 1 2 a=zoaf2/FF<\|=¢ 
Tae ee tie Solo Sie ee one = 


Zma\lz 210 2/0 Yio a0 Ole ol V2 lO oO SiS ale Yin aio & 
S/S SS SSS Se Sep ee ears 


E 2 |= 2 >~ 0 > (> w 
oo asl Q0/O Yia a 
< < jA<(4u Vio < 
Slo SW Sle SB cid oid sid <M Gla GB Sid GM Rldk 
<|O < 
< a < ra} < 
ce <|z al oc a ps "a re 
q 7. oc 7. oO > PEP. qc 7.0 a. 710 oO ”. 
Wi <x ta Oat a«lfO TO aelVP Ma 





i 


> 


~ 


AND} ROL 
| 
AND] ROL 
ZP,X |} ZP,X 
EOR} LSR 
eed 
EOR | LSR 
ZP,X | ZP,X 
ADC|ROR 
le [a 
ADC|ROR 
ZP,X | ZP,X 
STA | STX 
er a [ee 
STA | STX 
ZP,X | ZP,X 
LDA | LDX 
Fala 
LDA} LDX 
ZP,X | ZP,Y 
CMP | DEC 
fr | or 
CMP | DEC 
ZP,X | ZP,X 
SBC} INC 
far | or 
SBC | INC 
ZP,X | ZP,X 









*| cut BBC ORA| ASL | BBC CLC ORA oe CLB ORA| ASL | CLB 
0,A ZP.X | ZP.X | 0,ZP ABS 0,A ABS,X|ABS,X] 0,ZP 

A 

A 


SIE 3 siz 5/2 516 516 sla Sia SIE SIE 516 5/6 SIS SE Sia Sia 5 
a a a a a a rom) a Q a 


sala le [glee |e /8b3/2 b2lz 63] 8 | 


BE CUG CUM RUBOIt 
x |ORA BBS ORA| ASL | BBS — SEB |ORA| ASL | SEB 
IND,X 0,A ZP | 2P | 0,2P 0,A ABS | ABS | 0,2ZP 






xadecimal 
notation 


e 


Hu 
0001 
0011 
0111 
1010 
1011 
1101 
1111 


Lae 








This inaucion is provided for special type only (for example M37450 family). 


Note *1: 
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APPENDIX 4 


ASCII Code Table 





N 
a) | 
| oc 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 








JAPAN —_— OO 
Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 
Telephone: (03) 218-3473 

(03) 218-3499 
Facsimile: (03) 214-5570 


Overseas Marketing Manager 
Kita-ltami Works 

4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 





HONG KONG eee 
MITSUBISHI ELECTRIC (H.K.) LTD. 
25 Floor, Leighton Centre, 

77, Leighton Road. Causeway Bay. 
Hong Kong 

Telex: 60800 MELCO HX 
Telephone: (5) 773901-3 

Facsimile: (5) 895-3104 








SINGAPORE = —= 
MELCO SALES SINGAPORE PTE. 
LTD. 

230 Upper Bukit Timah Road # 03- 
01/15 

Hock Soon Industrial Complex 
Singapore 2158 

Telex: RS 20845 MELCO 
Telephone: 4695255 

Facsimile: 4695347 








TAIWAN 
MELCO-TAIWAN CoO., Ltd. 
1st fl., Chung-Ling Bldg., 

363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 

Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 











Telex: 25483 CHURYO “MELCO- 
TAIWAN” 

U.S.A. 

NORTHWEST 


Mitsubishi Electronics America, Inc. 
1050 East Arques Avenue 
Sunnyvale, CA 94086 

Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 


SAN DIEGO 

Mitsubishi Electronics America, Inc. 
11545 West Bernardo Court 

Suite 100 

San Diego, CA 92128 

Telephone: (619) 592-1445 
Facsimile: (619) 592-0242 


DENVER 

Mitsubishi Electronics America, Inc. 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 

Telephone: (303) 740-6775 
Facsimile: (303) 694-0613 


SOUTHWEST 

Mitsubishi Electronics America, Inc. 
991 Knox Street 

Torrance, CA 90502 

Telephone: (213) 515-3993 
Facsimile: (213) 217-5781 


SOUTH CENTRAL 

Mitsubishi Electronics America, Inc. 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 

Telephone: (214) 484-1919 
Facsimile: (214) 243-0207 


NORTHERN 

Mitsubishi Electronics America, Inc. 
15612 Highway 7 #243 
Minnetonka, MN 55345 

Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 


NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 
800 N. Bierman Circle 

Mt. Prospect, IL 60056 

Telephone: (312) 298-9223 
Facsimile: (312) 298-0567 


NORTHEAST 

Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 

Woburn, MA 01801 

Telephone: (617) 932-5700 
Facsimile: (617) 938-1075 


MID-ATLANTIC 

Mitsubishi Electronics America, Inc. 
800 Cottontail Lane 

Somerset, NJ 08873 

Telephone: (201) 469-8833 
Facsimile: (201) 469-1909 


SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc. 
2500 Gateway Center Bivd., Suite 300 
Morrisville. NC 27560 

Telephone: (404) 368-4850 
Facsimile: (404) 662-5208 


SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Executive Center 

6100 Glades Road #210 

Boca Raton, FL 33433 

Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 


CANADA 

Mitsubishi Electronics America, Inc. 
6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada LST 2E1 
Telephone: (416) 670-8711 

Facsimile: (416) 670-8715 


Mitsubishi Electronics America, Inc. 
300 March Road, Suite 302 

Kanata, Ontario, Canada K2K 2E2 
Telephone: (416) 670-8711 
Facsimile: (416) 670-8715 





WEST GERMANY => 
Mitsubishi Electric Europe GmbH 
Headquarters: 

Gothear Str. 8 

4030 Ratingen 1, West Germany 

Telex: 8585070 MED D 
Telephone: (02102) 4860 

Facsimile: (02102) 486-115 


Munich Office: 

ArabellastraRe 31 

8000 Miinchen 81, West Germany 
Telex: 5214820 

Telephone: (089) 919006-09 
Facsimile: (089) 9101399 





FRANCE = 
Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar 

92563 Rueil Malmaison Cedex 
Telex: 632326 

Telephone: 47087871 

Facsimile: 47513622 











ITALY 
Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 

20041 Agrate Brianza |I-Milano 
Telephone: (039) 636011 
Facsimile: (039) 6360120 


Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 

5-19149 Sollentuna, Sweden 
Telex: 10877 (meab S) 
Telephone: (08) 960468 
Facsimile: (08) 966877 





U.K. 
Mitsubishi Electric (U.K.) Ltd. 
Travellers Lane 

Hatfield 

Herts AL10 8XB, England, U.K. 
Telephone: (0044) 7072 76100 
Facsimile: (0044) 7072 78692 











AUSTRALIA 
Mitsubishi Electric Australia Pty. Ltd. 
73-75, Epping Road, North Ryde, 
P.O. Box 1567, Macquarie Centre, 
N.S.W., 2113, Australia 

Telex: MESYD AA 26614 
Telephone: (02) (888) 5777 
Facsimile: (02) (887) 3635 
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